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ABSTRACT OF DISSERTATION 
 
ADHERENCE TO PHYSICAL ACTIVITY AMONG INDIVIDUALS WITH OR 
WITHOUT CARDIOVASCULAR DISEASE 
 Cardiovascular disease (CVD) is a major public health problem and a primary 
cause of morbidity and mortality in the United States. Regular physical activity is 
recommended for prevention and management of CVD. Despite the cardiovascular health 
benefits of physical activity most adults are physically inactive. Therefore, the aim of this 
dissertation was to examine the factors associated with adherence to physical activity 
among individuals with or without CVD. 
 The first paper is a report of a study conducted  to examine which baseline 
demographic (age, gender, marital status, socioeconomic status, and place of residency), 
psychosocial (social support, depression, anxiety, and fatalism), and clinical (past history 
of exercising, comorbidity, and health literacy) variables predicted successful adoption of 
the active lifestyle recommendation of increasing moderate-to-vigorous physical activity 
by an accumulated 15 minutes or more each day following a CVD risk reduction 
intervention and 2) to identify which of those same factors predicted dropout from the 
CVD risk reduction intervention among at-risk individuals in rural America. The study 
sample consisted of 399 rural Americans. The results revealed that a higher anxiety level 
was a predictor of active lifestyle modification following a CVD risk reduction 
intervention. In contrast, younger age and low health literacy were predictors of dropout 
from a CVD risk reduction intervention. 
The second paper is a literature review of studies investigating the factors that 
affected enrollment in cardiac rehabilitation in patients with heart failure (HF). The aims 
of this review were to: (a) describe enrollment rates of patients with HF in cardiac 
rehabilitation programs, (b) review the literature on factors affecting enrollment of 
patients with HF, and (c) identify areas for future research. It is difficult to draw 
conclusion about enrollment rates because the period of time after hospital discharge that 
enrollment was measured varied across studies. A wide array of demographic, 
psychosocial, and clinical variables have been identified as potential barriers of 
enrollment in cardiac rehabilitation programs. Additional research including patients with 
HF is needed. 
 
 
 
 
 
 The third paper is a report of a cross-sectional study of 181 patients with HF. The 
aims were to determine 1) the amount of variance in the functional status predicted by 
depressive symptoms, perceived control, self-rated health, HF self-care maintenance 
behaviors, and serum N-terminal pro-B-type natriuretic peptide ( NT-pro-BNP) 
biomarker of cardiac dysfunction in patients with HF and 2) whether NT-pro-BNP 
mediated the relationship between self-care maintenance behaviors and functional status. 
Depressive symptoms, poor self-rated health, non-adherence to physical activity, and 
greater serum NT-pro-BNP levels were independently associated with worse perceptions 
of functional status. Serum NT-pro-BNP levels partially mediated the association 
between adherence to physical activity and perception of functional status. 
 The findings from this dissertation provided further evidence of the importance of 
adherence to physical activity and identify key variables that promote participation in 
interventions to promote heart healthy lifestyles and adherence to physical activity.     
Keywords: Active lifestyle modification, Barriers, Cardiovascular disease, Dropout, 
Functional status 
 
 
 
 
 
 
 
 
 Zyad T. Saleh 
Student’s Signature 
April 23, 2013 
Date 
 
 
 
 
 
 
 
 
 
ADHERENCE TO PHYSICAL ACTIVITY AMONG INDIVIDUALS WITH OR 
WITHOUT CARDIOVASCULAR DISEASE 
By 
Zyad Taher Saleh 
 
 
 
 Dr. Terry A. Lennie 
Director of Dissertation 
Dr. Debra K. Moser 
Co-director of Dissertation 
Dr. Terry A. Lennie 
Director of Graduate Studies 
April 23, 2013 
Date  
 
 
 
iii 
 
ACKNOWLEDGMENTS 
 I would like to express my special gratitude to those individuals who without their 
support, guidance, and timely responsiveness, this dissertation would not have been 
possible. I would like to express the deepest appreciation to my dissertation chair, Dr. 
Terry A. Lennie and co-chair, Dr. Debra K. Moser. I can't say thank you enough for your 
tremendous support, exemplary guidance, monitoring, and constant encouragement 
throughout my doctoral program. I am grateful that Dr. Terry and Dr. Debra believed in 
me, provided me with opportunities, valued my input, and recognized my 
accomplishments. I would like to extend my special thanks to Dr. Elizabeth G. Tovar and 
Dr. Jody L. Clasey for serving in my committee and providing their insightful guidance 
and expertise. I would also like to thank Dr. James W. Yates to serve as outside examiner 
in my committee. 
 I would also like to acknowledge the faculty and staff of the RICH Heart Program 
at the University of Kentucky, College of Nursing for their support, love, and friendly 
work environment. I am particularly thankful for the director of the program, Dr. Misook 
L. Chung for giving me such attention and time. An additional thank you goes to all 
members in the RICH Heart Program who contributed to the projects and data sets that I 
used in my dissertation. 
 Last but not least I wish to avail myself of this opportunity, express a sense of 
gratitude and love to my father, Taher, mother, Shinarah, grandmother, brothers, and 
sisters for their support, strength, help, and prayers. My final and most heartfelt 
acknowledgment must go to my wife Hiba. Her support, encouragement, and 
companionship has turned my journey through graduate school into a pleasure. I am also 
 
 
 
iv 
 
particularly thankful for my daughters, Leen and Zaina, and my son, Arwad, who are my 
joy. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
v 
 
Table of Contents 
ACKNOWLEDGMENT.................................................................................................... iii 
LIST OF TABLES ........................................................................................................... viii 
LIST OF FIGURES ......................................................................................................... viii 
CHAPTER ONE: Introduction ............................................................................................1 
CHAPTER TWO: Factors Associated with Adoption of Active Lifestyle and Dropout 
from Cardiovascular Disease Preventive Intervention among Rural Americans ................9 
Introduction ......................................................................................................................9 
Methods ..........................................................................................................................12 
Design .........................................................................................................................12 
HeartHealth Intervention ............................................................................................12 
Participants and Setting ..............................................................................................13 
Measurement of variables ...........................................................................................14 
Demographic characteristics ...................................................................................14 
Psychosocial variables ............................................................................................14 
Clinical variables ....................................................................................................16 
Dependent Variable ....................................................................................................17 
Successful adoption of activity lifestyle modification ............................................17 
Dropout ...................................................................................................................18 
Procedure ....................................................................................................................18 
Data Analysis ..............................................................................................................19 
Results ............................................................................................................................20 
Predictors of Active Lifestyle Modification ...............................................................20 
Predictors of Dropout from Heart Health Program ....................................................20 
Discussion ......................................................................................................................21 
CHAPTER THREE: Factors Associated with Enrollment in a Cardiac Rehabilitation 
Program in Patients with Heart Failure: a Review of the Literature ..................................31 
Introduction ....................................................................................................................31 
Methodology ..................................................................................................................32 
 
 
 
vi 
 
Definition of Enrollment ................................................................................................33 
Rates of Enrollment in Rehabilitation Programs............................................................33 
Factors Associated with Participation in Cardiac Rehabilitation Program ....................35 
Socio-demographic Factors ........................................................................................35 
Age ..........................................................................................................................35 
Gender .....................................................................................................................38 
Marital Status ..........................................................................................................39 
Ethnicity ..................................................................................................................41 
Employment Status .................................................................................................42 
Household Income ..................................................................................................43 
Level of Education ..................................................................................................44 
Distance from Rehabilitation Program Site ............................................................45 
Summary .................................................................................................................45 
Psychosocial Factors...................................................................................................46 
Emotional Distress ..................................................................................................46 
Self-efficacy ............................................................................................................47 
Social Support .........................................................................................................48 
Perceptions of Cardiac Rehabilitation ....................................................................49 
Summary .................................................................................................................49 
Clinical Factors ...........................................................................................................50 
Referral ...................................................................................................................50 
Functional ability ....................................................................................................50 
Medical History ......................................................................................................51 
Other clinical-related factors ...................................................................................51 
Summary .................................................................................................................53 
Discussion ......................................................................................................................53 
Suggestions for Future Research ....................................................................................55 
Implication .....................................................................................................................56 
Conclusions ....................................................................................................................58 
 
 
 
vii 
 
CHAPTER FOUR: Factors Associated with Perception of Functional Status in Patients 
with Heart Failure ..............................................................................................................61 
Introduction ....................................................................................................................61 
Conceptual Framework ..................................................................................................63 
Methods ..........................................................................................................................66 
Sample ........................................................................................................................67 
Measures .....................................................................................................................67 
Procedure ....................................................................................................................70 
Data analysis ...............................................................................................................70 
Results ............................................................................................................................72 
Characteristics of the Patients.....................................................................................72 
Predictors of Functional Status in Patients with HF ...................................................73 
Mediation Serum NT-pro-BNP levels on the Link between Self-Care Maintenance 
Behaviors and Perception of Functional Status ..........................................................73 
Discussion ......................................................................................................................74 
Implications and Conclusion ..........................................................................................78 
CHAPTER FIVE: Conclusions and Discussion ................................................................85 
Implication .....................................................................................................................90 
Summary ........................................................................................................................92 
Refernces  ...........................................................................................................................95 
VITA  ...............................................................................................................................131 
 
 
 
 
 
 
 
 
 
 
 
viii 
 
 
LIST OF TABLES 
Table 2.1. Baseline Sample Characteristics .......................................................................26 
Table 2.2. Predictors of Adoption of Active Lifestyle Post Intervention ..........................29 
Table 2.3. Predictors of Dropout from Heart Health Intervention .....................................30 
Table 3.1. Factors Influencing Enrollment in a Cardiac Rehabilitation Program .............59 
Table 4.1. Demographic, Psychosocial, and Clinical Characteristics of the Sample ........81 
Table 4.2. Factors Related to Perception of Functional Status in Patients with Heart 
Failure ................................................................................................................................83 
 
LIST OF FIGURES 
Figure 4.1. Conceptual Framework for the Factors Related to Functional Status in 
Patients with Heart Failure .................................................................................................80 
Figure 4.2. Mediator Effect of Serum NT-pro-BNP Levels on The Association between 
Adherence to Physical Activity and Perception of Functional Status ...............................84 
 
 
 
 
 
 
 
Copyright © Zyad T. Saleh 2013 
 
1 
 
CHAPTER ONE 
Introduction  
Cardiovascular disease (CVD) encompasses diseases that involve the heart or 
vascular system including coronary artery disease, angina, and hypertension.1 CVD is a 
significant public health problem in the United States affecting one in three American 
adults and accounting for nearly 33% of all deaths.2 Heart failure (HF) is the end stage of 
CVD and is the most expensive CVD-related condition with respect to health care costs 
of which the largest component is related to repeated hospitalizations. Consequently, 
prevention of CVD is essential to decreasing the incidence of HF and associated costs.  
Sedentary lifestyle is a primary risk factor for CVD.2 In a prospective case-control 
study with over 12,000 cases and 14,000 controls, sedentary lifestyle accounted for 
12.2% of the risk of developing coronary heart disease after accounting for other CVD 
risk factors such as smoking, diabetes mellitus, hypertension, and lipid profile.3 In two 
prospective studies with over 17000 individuals who were followed for more than 12 
years, prolonged time spent sitting predicted CVD mortality rates independent of age, 
smoking, and body mass index (BMI).4,5 A dose-response relationship has been observed 
between sedentary behaviors and mortality from CVD. Individuals who spent 3 to 5 
hours per day in sitting activities were 20% more likely and those who spent 6 or more 
hours were 33% more likely to die from CVD during a 14-year follow up compared to 
individuals who spent less than 3 hours sitting.5 Similarly, watching television for 4 or 
more hours per day over a 6-year follow up period was associated with an 80% increased 
risk of CVD mortality compared to watching television for less than 2 hours per day.6  
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Several factors may explain the association between sedentary lifestyle and 
increased risk of developing CVD. One of the demonstrated consequences of sedentary 
lifestyle is metabolic syndrome. Metabolic syndrome is a constellation of risk factors for 
CVD, including elevated plasma triglyceride, low high density lipoprotein (HDL) 
cholesterol, hyperglycemia, hypertension, and increased abdominal adiposity. Direct 
relationships have been noted between time spent in sedentary behaviors and metabolic 
risk factors, hypertension, and excessive adiposity.7,8 A meta-analysis of data from 10 
studies with over 21,000 individuals demonstrated that sedentary lifestyle was related to 
development of metabolic syndrome. Researchers estimated that prolonged time spent in 
sedentary behaviors was associated with a 73% increase in the risk of metabolic 
syndrome.9 In addition, sedentary behaviors are associated with other unhealthy 
behaviors that may contribute to risk of CVD. A recent review by Rhodes10 suggests that 
time spent in sedentary behaviors, especially watching television, might be related to 
smoking, increased food consumption, and poor food choices. Thus, sedentary behaviors 
and low physical activity can have negative impact on cardiovascular health. 
There is abundant evidence that CVD and related mortality are preventable 
through active lifestyle change.2,11,12 Two meta-analyses of the effects of physical activity 
on CVD showed a significant inverse dose-response relationship between physical 
activity levels and the incidence of CVD.13,14 Other researchers estimated that a 2.3% 
increase in the individuals with a physically active lifestyle prevented approximately 5% 
of deaths attributable to the coronary heart disease between 1980 and 2000.15 
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Regular physical activity has been shown to improve cardiovascular health2  by 
decreasing resting heart rate,16 increasing diameter of the coronary artery, formation of 
collateral circulation,17 decreased platelet adhesiveness, and enhancement of vascular 
endothelial function.18,19 Regular physical activity is associate with a lower risk of 
developing components of metabolic syndrome including hypertension,20 low HDL 
cholesterol, abdominal adiposity, and hyperglycemia.21 Moreover, regular physical 
activity has been suggested to have positive effects on health behaviors such as quitting 
smoking and consuming a heart-healthy diet.21,22 Thus, physical activity is one of the 
most important elements in cardiovascular health that may play a role in reducing the risk 
of CVD and death. Physical activity has been shown to attenuate inflammatory 
processes.23 Inflammation is a key role in mediating the development of atherosclerosis 
and its ultimate endpoint, thrombotic complications leading to myocardial infarction. 
 Physical activity is also recommended in the management of HF. Results from 
previous studies of exercise training trials have detailed benefits that could be achieved 
with physical activity in patients with HF. These include improvement in the cardiac 
output, peripheral blood flow, and skeletal muscle aerobic metabolism.24 Physical activity 
associated health benefits in patients with HF has been translated to decreased HF 
symptoms, increased activity tolerance, prolong survival, and lowers hospitalization 
rates.24,25 
Despite cardiovascular health benefits of physical activity, more than 30% of 
American adults are physically inactive and nearly 50% of adults do not meet minimum 
recommendation of 150 minutes of moderate intensity aerobic activity each week. Adults 
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living in rural areas are more likely to be physical inactive compared with adults living in 
urban areas.26 The factors associated with adoption to active lifestyle have been 
described.27-32 However, there is a lack of research examining the impact of the factors on 
activity in rural Americans. Given the significant clinical consequences of physical 
inactivity and the greater burden of CVD in rural areas, it is imperative that researchers 
determine what factors affect active lifestyle in rural adults. 
  Non-adherence to physical activity recommendations is also common among 
patients with HF.33-35 Enrollment in cardiac rehabilitation programs may be an important 
first step to promote physical activity behavior in patients with HF.36 Cardiac 
rehabilitation programs are designed to facilitate initiation and maintenance of safe 
physical activity levels for patients with HF.37 Researchers have noted that enrollment in 
a cardiac rehabilitation program can increase activity tolerance in patients with HF.24 
However, enrollment in cardiac rehabilitation programs has been estimated to be as low 
as 20% of all eligible HF patients.34,35 Although researchers have described the problem 
of low enrollment rates among patients with HF, little is known about what factors affect 
their enrollment in a cardiac rehabilitation program. To assure enrollment in 
rehabilitation and maintenance to physical activity recommendations for patients with 
HF, it is also important to identify the predictors of as well as the barriers to utilization of 
rehabilitation.  
Functional status may be an important determinant of participation in physical 
activity in patients with HF.38-41 HF significantly compromises functional status by 
contributing to physiologic, physical, cognitive, and social functioning impairment as 
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well as increased psychological distress.41,42 Patients’ perception of lower functional 
status may limit their ability to participate in physical activity.41 Although functional 
status in patients with HF has been used as an important outcome to detect effect of 
treatment plan, investigators have not examined what factors affect their perception of 
functional status. Therefore, it is also imperative to determine the factors that impact 
patients’ perception of functional status. 
The purpose of this dissertation was to examine the factors associated with 
adherence to physical activity among individuals with or without CVD. Each chapter of 
this dissertation demonstrates part of my inquiry to develop a preliminary program of 
research focused on improving active lifestyle in individuals with or without CVD. 
In Chapter Two, results are presented from a study that was conducted to identify 
the predictors of adopting an active lifestyle following a CVD risk reduction intervention 
and the predictors of dropout from the intervention among individuals with CVD risk 
factors living in rural America. This was a longitudinal, prospective study of 399 rural 
Appalachians who participated in at the HeartHealth CVD risk reduction intervention. 
The HeartHealth intervention was a structured 3 month educational and skill building 
intervention aimed to promote cardiovascular health. Physical activity was recorded for 
48 consecutive hours by Actiwatch at baseline and 3 months after the intervention. Data 
from a subsample of 202 participants with complete baseline and follow up physical 
activity data, defined as completers, were used to determine the predictors of active 
lifestyle modification. Participants were grouped into those who increased their 
moderate-to-vigorous level of activity by 15 minutes or more each day after the 
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intervention and those who did not. This classification was based on evidence that CVD 
risk can be decreased at lower amounts of moderate physical activity (i.e., 15 minutes of 
walking daily)43 than the current recommendation of daily 30-minute of moderate 
activity.44 Also, baseline data from a total of 128 participants defined as dropouts because 
they withdrew from the study before completing the final assessment and 271 participants 
defined as completers because they attended the intervention sessions and completed the 
final assessment were used to determine the predictors of dropout from the intervention. 
Backward binary logistic regression was conducted to identify which baseline 
demographic (age, gender, marital status, level of education, financial status, and place of 
residency), psychosocial (social support, fatalism, depression, and anxiety), and clinical 
(past history of exercising, health literacy, and comorbidity) variables predicted adoption 
to active lifestyle and dropout from the intervention study. All of these factors may 
impact rural Americans but to date this has not been demonstrated. We found that higher 
anxiety levels were associated with adoption of a more active lifestyle after the 
intervention. Regarding dropout, younger age and low health literacy were found to be 
predictors of dropout from CVD risk reduction intervention.  
In Chapter Three, a systematic review of the literature is presented to examine the 
factors affecting enrollment of patients with HF in cardiac rehabilitation programs. 
Because there were no studies conducted in patients with HF, the review was expanded to 
include research studies across all cardiac-related conditions. An electronic literature 
search was conducted covering the period of 1995 to 2012. The keywords used were: 
cardiac rehabilitation, enrollment, participation, attendance, barriers, physical activity, 
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and exercise. A total of 22 studies were included in the systematic review that met the 
following criteria: quantitative studies included men and/or women discharged from a 
cardiac-related hospitalization and measured enrollment in a cardiac rehabilitation 
program. The factors affecting enrollment in a cardiac rehabilitation program were 
grouped into three dimensions (socio-demographic, psychosocial, or clinical factors). 
Chapter Four presents findings from a secondary analysis of cross-sectional data 
collected on adults with HF. In this study, we tested two hypotheses derived from 
previous research findings: 1) emotional distress, perceived control, self-rated health, HF 
self-care maintenance behaviors, and N-terminal pro-brain natriuretic peptide (NT-pro-
BNP) a biomarker of myocardial dysfunction will independently predict functional status 
in patients with HF after controlling for age, gender, socioeconomic status, and 
comorbidity and 2) NT-pro-BNP will mediate the influences of HF self-care maintenance 
behaviors on functional status. A sample of 279 patients with a documented diagnosis of 
HF was included in this study. Hierarchical multiple linear regression and mediation 
analysis were used for data analysis. The results revealed that depressive symptoms, HF 
self-care of adherence to physical activity, serum NT-pro-BNP levels, and self-rated 
health were independent predictors of patients’ perception of functional status. The 
association between adherence to physical activity and patients’ perceptions of functional 
status was mediated partially by serum NT-pro-BNP levels.  
In Chapter Five, an integrated summary and conclusions from the findings of 
prior chapters are presented. Recommendations for practice and future research are 
outlined. The findings from each chapter contribute to the knowledge about the factors 
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that affect adherence to physical activity among individuals with or without 
cardiovascular disease. Results from this dissertation may translate into significant 
benefits for public health by targeting factors that could affect individuals’ adoption to 
active lifestyle modification. 
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CHAPTER TWO 
Factors Associated with Adoption of Active Lifestyle and Dropout from Cardiovascular 
Disease Preventive Intervention among Rural Americans 
Introduction 
Cardiovascular disease (CVD) is a set of disorders affecting the heart and the 
vascular system.1 CVD is a major public health problem and a primary cause of 
morbidity and mortality in the United States.2 It is estimated that one in three adults are 
affected by one or more types of CVD, including coronary artery disease, hypertension, 
angina, and heart failure. CVD accounts for approximately 33% of all underlying causes 
of death. Despite efforts to reduce CVD morbidity and mortality,2 rural Appalachia 
continues to have a higher prevalence of CVD and associated risk factors including 
hypertension, obesity, diabetes mellitus, and dyslipidemia than urban areas.2,45-47 
Lifestyle modifications that decrease risk factors are essential for prevention and 
management of CVD.2 There is growing evidence that interventions that effectively 
promote lifestyle modifications improve cardiovascular health.48,49 However, there are 
barriers in rural Appalachia that may make interventions in this population less likely to 
produce lifestyle modifications.50 Accordingly, designing an effective CVD primary, 
secondary, and tertiary preventive intervention requires understanding of the predictors of 
adoption and maintenance of healthy lifestyle modifications by residents of rural 
America.      
Physical activity is considered an important means of reducing CVD morbidity 
and mortality.51 Regular physical activity results in decreased heart rate16 and lower 
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systolic blood pressure20 leading to reduced myocardial oxygen demands and ultimately 
to lowered risk for myocardial ischemia.37 Regular physical activity is accompanied by 
an increase in the interior diameter of the coronary artery, formulation of collateral 
circulation,17 decrease in platelet adhesiveness, and an enhancement of vascular 
endothelial function.18,19 The effects of regular physical activity on CVD risk factors 
include reduction in blood pressure of individuals with hypertension, increase in high-
density lipoprotein cholesterol levels, decrease in cholesterol levels, control of or 
reduction in body weight, and reduced risk of developing type 2 diabetes mellitus.2,21 
Moreover, regular physical activity has been associated with adoption of other health 
behaviors such as quitting smoking and consuming a heart-healthy diet.21,22  
The relationship between physical activity and cardiovascular health benefits can 
be achieved at levels of physical activity (e.g., 15 minutes of walking daily)43 lower than 
currently recommended by the American Heart Association and the American College of 
Sports Medicine (30 minutes of moderate-to-vigorous intensity activity daily).44 Repeated 
short bouts of activity, including all leisure, occupational, or household activities, when 
performed at moderate or vigorous intensity levels have cardiovascular health benefits 
similar to continuous long bouts of physical activity at the same intensity levels.44,52,53 
Thus, CVD risk can be reduced through daily 15-minute bouts of moderate intensity 
activity. These bouts may make physical activity more convenient, encouraging 
physically inactive individuals to adopt a more active lifestyle. 
In contrast, sedentary behavior is considered among the top 5 risk factors for 
CVD.2,4,5,21 Sedentary behavior involves low energy inactivity such as sitting and laying 
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down.54 Time spent in sedentary behavior is positively associated with CVD risk factors 
of obesity and diabetes mellitus independent of physical activity levels.54-56 This suggests 
that cardiovascular health benefits associated with regular bouts of daily physical activity 
may be negated in individuals who spend the remainder of time in sedentary behavior. 
Accordingly, successful CVD preventive interventions must target both planned physical 
activity and reduction in sedentary behavior. Addressing the factors that affect active 
lifestyle in rural Americans is important for designing effective CVD preventive 
interventions. The majority of studies to date have not addressed barriers that affect 
adoption of active lifestyles in rural Americans.57,58 
Identifying the factors associated with dropout from CVD preventive 
interventions is equally important because completion of the intervention is the necessary 
first step in promoting adoption of a more active lifestyle.59 Previous researchers have 
identified several factors associated with dropout from health promotion programs and 
barriers to adopting active lifestyle recommendations across a wide range of populations. 
These factors included demographic variables (age, gender, marital status, level of 
education, financial status, and place of residency), psychosocial variables (social 
support, fatalism, depression, and anxiety), and clinical variables (past history of 
exercising, health literacy, and comorbidities). 27-32 All of these factors may impact rural 
Americans, but have not been examined. 
Therefore, the purposes of this study were to determine predictors of 1) successful 
adoption of a CVD preventive lifestyle modification following an intervention and 2) 
dropout from the intervention in a group of individuals with CVD risk factors living in 
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rural Appalachia. The specific aims of the study were 1) to determine which baseline 
demographic (age, gender, marital status, socioeconomic status, and rurality), 
psychosocial (social support, depression, anxiety, and fatalism), and clinical (past history 
of exercising, health literacy, and comorbidity) variables predicted successful adoption of 
the lifestyle recommendation to increasing moderate-to-vigorous physical activity by an 
accumulated 15 minutes or more each day following a CVD risk reduction intervention 
and 2) to identify which of those same factors predicted dropout from the CVD risk 
reduction intervention among at-risk individuals living in rural Appalachia.  
Methods 
Design 
We conducted a secondary analysis of data obtained from the HeartHealth 
intervention study conducted between 2009 and 2011. The HeartHealth intervention was 
designed to improve self-management of CVD risk factors and quality of life of adults 
living in rural Appalachian Kentucky.   
HeartHealth Intervention 
The HeartHealth intervention was a structured 3 month educational and skill 
building intervention program using a whole health approach to promote cardiovascular 
health in rural Appalachian Kentucky. The program focused on encouraging lifestyle 
modification with regard to eating habits, adherence to prescribed medication, physical 
activity, and self-management through a set of strategies based on the Theory of Planned 
Behavior (TPB). Individualized counseling was included to identify and address 
individuals’ attitudes that facilitate or impede lifestyle change.  
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Participants and Setting 
Participants were residents of three counties located in southeastern Kentucky that 
are among a cluster of counties with the highest rates of CVD mortality and CVD risk 
factors in the United States.60-62 Participants were mainly recruited from primary care 
clinics. Other recruitment methods were self-referral, participant referrals, interested 
party referrals, and flyers posted at various community locations. Inclusion criteria were 
adults with CVD or having two or more of the following CVD risk factors: 1) age > 44 
years in men or > 55 years in women, 2) family history of CVD, 3) history of 
hypertension, abnormal lipids, or diabetes, 3) current smoker, 4) overweight or obesity, 
5) diet high in total fat or low in fruit and vegetable intake, or 6) sedentary lifestyle. 
Exclusion criteria were: 1) cognitive impairment, 2) non-English speaking, 3) chronic 
drug abuse, 4) end-stage renal, liver, or pulmonary disease; 5) undergoing active 
treatment for cancer, 6) gastrointestinal disease that required special diets; or 7) condition 
that prohibited engagement in physical activity. 
A total of 399 participants were eligible for this study. Out of 271 participants, 
defined as completers, 202 participants with complete baseline and follow up physical 
activity data were used to determine the predictors of active lifestyle modification. For 
the remaining 69 participants, Actigraph data were missing, either at baseline or follow 
up, due to technical issues including errors in saving or uploading the data and the battery 
becoming dislodged. Baseline data from a total of 128 participants defined as dropouts 
and 271 participants defined as completers were used in determining the predictors of 
dropout from the intervention.  
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Measurement of variables  
Demographic characteristics. Demographic characteristics including age, gender, 
marital status, socioeconomic status, and place of residence were collected via simple 
self-administered form. Participants were divided into 3 socioeconomic status groups 
based on level of education, employment status, and financial status. Level of educational 
was categorized as having high school or less or more than high school. Participants’ 
employment status was categorized as employed or unemployed. Financial status was 
assessed using one item that asked participants to rate their income as 1 = “have more 
than enough to make ends meet,” 2 = “have enough to make ends meet,” and 3 = “do not 
have enough to make ends meet.” Participants in categories 2 and 3 were combined. We 
adopted this classification system under the assumption not having enough money to 
make ends meet would potentially have a financial impact on attending health promotion 
programs and accessing local recreational physical activity facilities. Place of residency 
was classified as rural vs. urban groups using county of residence based on rural-urban 
commuting area (RUCA) codes.63 The RUCA codes classify each county into one of nine 
categories along the rural-urban continuum based on population density, urbanization, 
and adjacency to an urban area. RUCA codes from 1 to 3 represent urban areas and from 
4 and higher denote rural areas. Within the six rural categories, higher numbered 
categories indicate small population density and more isolated rural areas. 
Psychosocial variables. Depressive symptoms were measured by the 9-item 
Patient Health Questionnaire (PHQ). The PHQ uses four-point semantic differential 
statement scales, including 0 = “not at all,” 1 = “several days,” 2 = “more than half the 
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days,” and 3 = “nearly every day.” The items that precede the statements are related to 
how frequently depressive symptoms interfere with aspects of daily life. The nine item 
scores were totaled to obtain depressive symptoms severity. A higher total score indicates 
more depressive symptom severity. The cutoff point of 10 has been used to define major 
depressive disorder which has a specificity and sensitivity of 88%. The reliability of the 
PHQ was previously reported as 0.89.64 
Anxiety was measured using the 6-item anxiety subscale of the Brief Symptom 
Inventory (BSI). The items are related to different feelings of anxiety. Each feeling is 
scored on a 5-point Likert scale ranging from 0 = “not at all,” 1 = “a little bit,” 2 = 
“moderately,” 3 = “quite a bit,” and 4 = “extremely.” The scores were summed and 
averaged with higher scores indicating more severe anxiety. A score above  > 0.35 was 
used to indicate the presence of mild to moderate anxiety and 1.7 or higher to indicate 
clinically significant anxiety.65 The reported reliability of the BSI anxiety subscale ranged 
between .81 and .8566-68 and its construct validity has been supported by factorial 
analysis.65  
Social support was defined as perceived instrumental and emotional support. 
Instrumental support includes the provision of tangible aids. Emotional support involves 
the expressions of empathy, love, and trust.69 Social support was measured by the 
Perceived Social Support Scale (PSSS). The PSSS contains 12 items rated on a Likert 
scale that is scored from 1 (very strongly disagree) to 6 (very strongly agree). The PSSS 
item ratings were added for a total score that could range between 7 and 84; higher scores 
indicated a greater perception of social support. The PSSS is reliable with reported 
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Cronbach’s alpha of 0.93 to 0.9470,71 and its construct validity has been supported by 
factor analysis.71 
Fatalism was defined as the belief that illness is unavoidable and that death 
related serious illnesses are inevitable regardless of the individual’s actions.72 Fatalism 
was measured with the 20-item Fatalism Scale. The scale measures individuals’ beliefs 
about health-seeking behaviors and fatalistic beliefs when CVD is present. Each item is 
scored on a 5-point Likert scale from 1 “strongly disagree” to 5 “strongly agree.” An 
example of an item is: “If someone gets heart disease, that’s the way they were meant to 
die.” The scores of the items were added, with a lower total score indicating lower 
negative fatalistic beliefs. The Fatalism Scale reliability was 0.88, and its construct 
validity has been supported by factorial analysis.72 
Clinical variables. Past exercise participation before attending the HeartHealth 
program was assessed using a single item to which participants indicated the statement 
that best described their past exercising level before participating in the program: (0) 
“none of the time,” (1) “a little bit of the time,” (2) “some of the time,” (3) “a good bit of 
the time,” (4) “most of the time,” and (5) “all of the time.” Concurrent validity for 
exercise level was supported by a significant positive correlation with quality of life, 
exercise capacity, and survival rates.24 
Health literacy was assessed using the Short form of the Test of Functional Health 
Literacy for Adults (S-TOFHLA). The S-TOFHLA assesses individuals’ ability to 
comprehend health related material. The S-TOFHLA instrument starts by giving 
participants simple general information on nutrition followed by a 6-item test about how 
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they would interpret and act in response to the information that they are given. The 
correct responses were summed to produce a health literacy score ranging from 0 to 6, 
with higher scores indicating better literacy. Content validity of the S-TOFHLA has been 
demonstrated. Internal consistency Cronbach’s alpha was 0.68.73 
Comorbidity burden was measured using the Charlson Comorbidity Index. The 
scores can range from 1 to 34 with higher scores, indicating greater comorbidity burden. 
Validity for this instrument has been demonstrated by its ability to predict mortality, 
complications, health care resource use, length of hospital stay, and cost.74,75  
Dependent Variables  
Successful adoption of activity lifestyle modification. Activity levels were 
defined as total time per 24-hours at sedentary, moderate, and vigorous intensity levels. 
Activity was measured using an Actiwatch accelerometer (Actical®, Respironics Inc.). 
The Actiwatch was worn on the non-dominant arm for 48 hours. The Actiwatch contains 
an accelerometer that can capture body movement (activity counts). Movements were 
summed over each minute epoch and converted into energy unit (metabolic equivalents 
[METs]). According to the manufacturer’s default setting, the ranges in METs that 
defined each activity level were a) < 3 METs for light activity, b) 3 to < 6 for moderate 
activity, and c) 6 ≥ for vigorous activity. Activity levels were totaled to determine minute 
per hour spent at each activity level. The Actiwatch has been shown to be a valid 
measurement of daily activity intensity.76,77 Successful activity lifestyle modification 
after participation in the HeartHealth intervention program was defined as an increase of 
15 minutes or more per day of moderate-to-vigorous physical activity.  
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Dropout. Participants’ attendance to the program sessions were recorded by a 
research assistant. Participants were instructed to notify program instructors if 
circumstances prevented them from attending scheduled sessions. Participants who were 
absent without explanations were called by research assistants and encouraged to resume 
attendance. If a participant reported that he or she wanted to withdraw from the study, the 
research assistant coded the participant as a dropout. Participants who attended program 
sessions and completed final program assessment were considered completers.   
Procedure 
Data on demographic variables, psychosocial variables, past history of exercise, 
and comorbidity were collected at baseline. Physical activity was recorded for 48 
consecutive hours by Actiwatch at baseline and 3 months after the intervention. 
Approval for the study was obtained from the University of Kentucky 
Institutional Review Board. For eligible participants, study requirements were explained 
and signed informed consent was obtained. After baseline assessment, the 3 month 
intervention was delivered by trained nurses who were hired from the local community. 
The intervention consisted of 6 to 12 sessions lasting 1 to 1.5 hours each. The sessions 
were conducted in the participant’s home, the primary care clinic, or another place 
preferred by the participant. Fidelity of intervention implementation was continuously 
monitored throughout all sessions by primary study co-investigators and expertise in self-
management interventions. After completing the intervention, the trained nurses 
scheduled a visit for follow up assessment. 
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Data Analysis 
Data analyses were done using SPSS version 17.0 (SPSS Inc., Chicago, Illinois). 
Data were examined, verified, and cleaned prior to starting analysis. Analyses began with 
a descriptive examination of demographic, psychosocial, and clinical characteristics and 
physical activity levels. Frequencies and percentages or means and standard deviations as 
appropriate to the level of measurement were used to characterize the sample.  
Predictors of active lifestyle modification. The 202 participants with complete 
baseline and follow up physical activity data were divided into two groups based on their 
physical activity levels post intervention: Adopters: participants who increased moderate-
to-vigorous physical activity by an accumulated 15 minutes or more per day following 
the intervention and non-adopters participants who did not increase moderate to vigorous 
activity levels post-intervention. Because there is no existing predictive model, we used 
backward binary logistic regression to determine the most parsimonious model that best 
predicted active lifestyle modification after the intervention. The first step included all 
baseline demographic, psychosocial, and clinical variables. Variables were sequentially 
removed from the model based upon the criterion of p ≥ .10 for removal.  
 Predictors of dropout. The 399 participants with complete baseline data were 
included in the analysis. Participants were assigned to the dropout group if they withdrew 
from the study before completing the final assessment and in the completion group if they 
continued attendance to the intervention sessions and completed the final assessment. 
Backward binary logistic regression was conducted to identify which baseline 
demographic, psychosocial, and clinical variables predicted dropout from the intervention 
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study. Variables were sequentially removed from the full model at each step using a p ≥ 
.10 as criterion for removal. 
Results 
Baseline demographic, psychosocial, and clinical characteristics of participants 
are presented in Table 2.1. Overall the sample was middle aged, Caucasian, female, 
married or cohabitating, and had enough or less to meet ends need. Nearly half of the 
sample had more than a high school education and were employed. Less than a fifth of 
the sample had at least moderate depressive symptoms (PHQ score > 9) while twice as 
many had anxiety (BSI score ≥ 0.35). CVD was presented in a third of the sample. The 
most common risk factors were abnormal waist circumference and dyslipidemia. More 
than half were obese and one third had hypertension.  
Participants who adopted the activity recommendation (increased their moderate-
to-vigorous physical activity levels by 15 minutes or more per day) had higher anxiety 
scores and lower baseline physical activity levels than those who did not adopt the 
activity recommendation (P < .01). HeartHealth program Dropouts had lower health 
literacy levels, and higher fatalism and comorbidity scores than Completers (P < .05).  
Predictors of Active Lifestyle Modification 
Approximately 42% of the 202 Completers (N = 84) achieved an increase of 15 
minutes or more per day of moderate-to-vigorous physical activity at 3 months after the 
intervention (Adopters). Anxiety was the only independent predictor of active lifestyle 
increase (model X2 = 17.1, df = 1, p = 0.001). The model correctly classified 60% of 
cases. Age, gender, marital status, employment status, level of education, financial status, 
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rurality, social support, depressive symptoms, fatalism, past history of exercising, health 
literacy, and comorbidity were not significant predictors (Table 2.2). Every 1-point 
increase in baseline anxiety scores was associated with 3.3 times greater odds of adoption 
of active lifestyle post intervention. 
Predictors of Dropout from Heart Health Program 
 Age and health literacy were independent predictors of dropout from HeartHealth 
intervention (model X2 = 30.45, df = 6, p < 0.001). The model correctly classified 70.4% 
of cases (Table 2.3). For every 1-year increase in age, participants were 2 % less likely to 
drop out from the intervention. Every 1-unit increase in participant’s baseline health 
literacy score was associated with a 22% decrease in likelihood of dropping out of the 
intervention. Gender, marital status, employment status, level of education, place of 
residency, financial status, depression, anxiety, social support, fatalism, past history of 
exercising, and comorbidity were not significant predictors of dropout. 
Discussion 
We found that higher baseline anxiety levels were associated with a higher 
probability of adopting an increase in physical activity following the intervention. This 
result contradicts previous studies that reported anxiety had a negative impact on physical 
activity behavior.78 However, there is evidence to support our finding that anxiety may 
increase activity in response to an intervention. Anxiety about health has been suggested 
to be formulated based on past experiences or to be triggered when anxious individuals 
are provided with information about health.79,80 It has been hypothesized that while 
anxiety is associated with excessive worries about health and greater awareness of body 
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sensations, mild to moderate anxiety may be related to improved health behaviors, such 
as physical activity. 81,82 The results from our study support this hypothesis by showing 
an association between nonspecific anxiety and improved physical activity behavior 
following participation in CVD prevention intervention.  
Regarding dropout, we found that age and health literacy were significant 
independent predictors. Younger participants were at higher risk of dropout than older 
participants. As shown in previous research in an urban population,83-87 younger people 
were more likely to dropout from CVD risk reduction intervention. The results from a 
recent twelve-year longitudinal study of 1,142 women showed that older women were 
more likely to use CVD preventive measures such as checking blood pressure and 
cholesterol level, following healthy diet, quitting using tobacco, trying to manage stress, 
and keeping making medical appointments.88 In this study, older women were more 
likely to adopt CVD preventive measures because they were more informed about CVD 
prevention and had more CVD symptoms. In a study of 189 patients with CVD recruited 
from cardiac rehabilitation program, the researchers suggested that younger age patients 
were more likely to drop out because they might have lower expectations of the benefits 
of participation.84  
Baseline low health literacy scores were associated with a greater likelihood of 
dropout. This finding corresponds with the findings from previous studies that showed 
low health literacy was associated with lack of motivation to improve health and engage 
in disease preventive measures such as quitting smoking, mammography screening, and 
influenza immunization.89-91 In a recent literature review, Sorensen and colleagues89 
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suggested that low health literacy was associated with four main factors which in turn 
have an impact on using preventive measures. These factors include inability to acquire 
information, understand this information, analyze and appraise it, and to make 
appropriate health decisions to improve health. This suggests that low health literacy 
participants were less likely to understand their risk of CVD and therefore may perceive 
no benefits to continue attendance to the CVD risk reduction intervention. Other 
researchers have suggested that individuals with low health literacy were less likely to 
participate in disease prevention measures because they had greater comorbidity and 
worse health status.92,93 Individuals with comorbidities are more likely to experience poor 
mental health.94,95 Accumulating evidence shows that mental health partially explains the 
high rate of non-adherence to healthy behaviors such as medication, diet, and physical 
activity recommendations among individuals with comorbidities.96 Individuals with poor 
mental health are frequently less likely to learn or to act upon new information about 
lifestyle change.96 This may undermine individuals’ motivation to adhere to CVD risk 
reduction intervention. Our result corresponds with this explanation by showing that low 
health literacy was associated with greater comorbidity.  
Several limitations must be considered in interpreting the results of this study. 
First, we used upper arm Actiwatch to assess physical activity intensity levels. Wrist-
worn Actiwatch mainly captures activity concentrated in the upper body. This method of 
physical activity measurement can overestimate the prevalence of physical activity in 
participants with occupational activities such as washing dishes but who do not perform 
planned regular physical activity. However, this limitation did not have an effect on 
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outcomes because participants did not change occupational activities during the study 
period. Second, data on physical activity were measured for 48 consecutive hours 
because the Actiwatch that we used in this study has nearly 3 days maximum physical 
activity data storage. Physical activity data from 48 hours may not be sufficient to 
estimate habitual daily physical activity levels. Research has suggested that a minimum 
of 4 days of Actiwatch data are needed for reliable estimates of individuals who met 
activity level recommendations.97 However, given that Actiwatch is considered one of the 
standards in assessing physical activity, using activity data from this instrument was a 
scientifically sound approach to meet our aims. Third, we were not able to follow dropout 
participants to probe their reasons for dropping out from HeartHealth intervention. 
Therefore, we could not identify other important predictors that might be associated with 
dropout from CVD risk reduction intervention. Fourth, this study was conducted on a 
relatively small sample size, which may limit the power to detect a statistically significant 
effect of some predictors on outcomes. In addition, the sample was predominantly female 
and White, more educated, and from one region in Appalachia, making it difficult to 
draw inferences for all rural Americans. 
Implication and Conclusion 
To date, investigators have primarily studied anxiety as a barrier to health 
behaviors. However, this study provides insight to the positive potential effect of anxiety 
on adoption to the health behaviors in response to the CVD risk reduction intervention. 
We found that higher anxiety levels were associated with adoption of a more active 
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lifestyle. Although a psychological mechanism is unclear, further studies could help 
clarify this finding.  
Regarding dropout, we found that younger age was a predictor of dropout from 
CVD risk reduction intervention. There may be unique barriers to participation in CVD 
risk reduction interventions among younger participants; however it may also be that 
younger participants perceive less immediate threat to health necessitating behavior 
change. A better understanding of factors may inform interventions to promote 
cardiovascular health among this population. Finally, we found that low health literacy 
was a predictor of dropout from CVD risk reduction intervention. This finding suggests 
that health educators need to use simple health-related information that fits their 
participants with low health literacy levels. 
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Table 2.1. Baseline Sample Characteristics 
 Whole sample  
(n = 399) 
Adopters  
(n = 84) 
Non-adopters 
(n = 118) 
Completers 
HeartHealth 
intervention 
(n = 271) 
Dropouts  
(n = 128) 
Age (years) 57.5 ± 16.5 57.9 ± 14.0 57.6 ± 15.1 57.0 ± 15.6 57.9 ± 18.1 
Gender (female) 305 (75.7%) 65 (77.4%) 87 (73.7%) 201 (74.2%) 101 (78.9%) 
Ethnicity (Caucasian) 393 (97.5%) 84 (100%) 117 (99.2%) 267 (98.5%) 122 (95.3%) 
Married or cohabitated 237 (58.8%) 56 (66.7%) 76 (64.4%) 172 (63.5%) 63 (49.2%) 
Employed full or part time 226 (56.1%) 49 (58.3%) 74 (62.7%) 163 (60.1%) 63 (49.2%) 
Education more than high school 221 (54.8%) 52 (61.9%) 71 (60.2%) 151 (55.7%) 68 (53.1%) 
Financial status (have enough or less to 
make ends meet)  
267 (67.2%) 51 (60.7%) 81 (68.6%) 182 (67.2%) 88 (62.7%) 
Charlson comorbidity score 0.8 ± 1.3 0.7 ± 1.4 0.7 ± 1.2 0.7 ± 1.2* 0.9 ± 1.4* 
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Table 2.1. (Continued) 
Comorbidities 
Heart catheterization 
Heart attack 
Stroke 
 
 
 
83 (20.6%) 
26 (6.5%) 
22 (5.5%) 
 
 
 
19 (22.6%) 
4 (4.8%) 
5 (6.0%) 
 
 
 
18 (15.3%) 
7 (5.9%) 
5 (4.2%) 
 
 
 
48 (17.7%) 
14 (5.2%) 
13 (4.8%) 
 
 
 
33 (25.8%) 
11 (8.6%) 
8 (6.3%) 
Health literacy  5.0 ± 1.6 5.3 ± 1.3 5.4 ± 1.0 5.3 ± 1.2** 4.6 ± 2.1** 
Fatalism score 2.2 ± 0.6 2.2 ± 0.7 2.2 ± 0.61 2.2 ± 0.6* 2.3 ± 0.6* 
Social support score 73 ± 14.8 72.7 ± 15.7 74.6 ± 13.6 73.0 ± 14.5 72.9 ± 15.5 
Anxiety symptoms (BSI score)  
Mild to moderate 
Severe 
Depressive symptoms (PHQ 9 score)  
Moderate to severe 
0.5 ± 0.6 
131 (32.6%) 
21 (5.2%) 
4.8 ± 4.4 
66 (16.4%) 
0.63 ± 0.8** 
28 (33.3%) 
10 (11.9%) 
4.8 ± 4.2 
13 (15.5%) 
0.35 ± 0.5** 
28 (23.7%) 
4 (3.4%) 
4.7 ± 4.7 
19 (16.1%) 
0.4 ± 0.6 
77 (28.4%) 
15 (5.5) 
4.7 ± 4.5 
44 (16.2%) 
0.6 ± 0.7 
54 (42.2) 
6 (4.7%) 
5.1 ± 4.4 
22 (17.2%) 
Baseline moderate to vigorous activity 
levels (minute/hour)  
. 4.1 ± 2.9** 5.7 ± 3.7** . . 
Data are presented as Mean (SD) or n (%). 
*: P < .05 
**: P < .01 
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Table 2.1. (Continued) 
Adopters increased moderate to vigorous activity by ≥ 15min per day post intervention, non-adopters did not increase 
activity.  
Completers finished the HeartHealth interventions. Dropouts stopped participation early.    
BSI: Brief Symptom Inventory-Anxiety subscale. Mild to moderate anxiety = 0.35 ≤ BSI score ≤ 1.7. Severe anxiety = 
BSI score ≥ 1.7. 
PHQ9: Patient Health Questionnaire 9. Moderate to severe depression = PHQ score > 9. 
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Table 2.2. Predictors of Adoption of Active Lifestyle Post Intervention 
 B Wald df p Odds Ratio 95% CI 
Financial status (have enough or less to make 
ends meet) 
-.57 3.22 1 .073 .57 .31 1.05 
Anxiety 1.2 12.98 1 < .001 3.31 1.73 6.35 
Depression  -.08 3.73 1 .053 .92 .85 1.0 
B: Unstandardized coefficient. Beta: Standardized coefficients. df: Degree of freedom. P: Significant. 
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Table 2.3. Predictors of Dropout from Heart Health Intervention 
 B Wald df p Odds Ratio 95% CI 
Age -.021 5.33 1 .021 .98 .96 1.0 
Marital status (being unmarried) .40 3.06 1 .080 1.50 .95 2.36 
Employment status (being unemployed) .498 3.002 1 .083 1.65 .94 2.90 
Health literacy -.25 11.79 1 .001 .78 .68 .90 
Past exercise participation .13 3.32 1 .068 1.14 .99 1.31 
Comorbidity  .17 3.51 1 .061 1.19 .99 1.42 
B: Unstandardized coefficient. Beta: Standardized coefficients. df: Degree of freedom. P: Significant. 
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CHAPTER THREE 
Factors Associated with Enrollment in a Cardiac Rehabilitation Program in Patients with 
Heart Failure: a Review of the Literature 
Introduction 
Heart failure (HF) is the end stage of cardiovascular disease.24 In the United 
States, more than five million individuals have HF with an approximate 11% annual 
increase in people newly diagnosed.98 HF is a leading contributor to healthcare services 
costs.98,99 Dyspnea and fatigue are the two most common symptoms experienced by 
patients with HF and are often the reasons for seeking medical care.100 Despite advances 
in medical therapy, the number of patients with marked symptoms of HF at rest or upon 
minimal physical exertion continues to increase.99,101,102 The pathological changes 
associated with HF are used to explain symptom progression that results in activity 
intolerance.24 Clinical trials show that physical activity decreases HF symptoms, 
increases activity tolerance, prolongs survival, and lowers hospitalization rates.24,25 In 
order to achieve these outcomes, patients’ long-term adherence to physical activity is 
necessary.24,103 Accordingly, cardiac rehabilitation programs are designed to facilitate 
initiation and maintenance of safe physical activity levels for patients with HF.37  
Unfortunately, enrollment in a cardiac rehabilitation program is not common in 
patients with HF. Enrollment in cardiac rehabilitation programs has been estimated to be 
as low as 20% of all eligible HF patients.34,35 These findings demonstrate the importance 
of improving cardiac rehabilitation enrollment by patients who have HF. An important 
first step is to gain a better understanding of the factors that promote patients’ enrollment 
 
 
 
Copyright © Zyad T. Saleh 2013 
 
32 
 
in rehabilitation programs. Therefore, the aims of this review paper were to: (a) describe 
enrollment rates of patients with HF in cardiac rehabilitation programs, (b) review the 
literature on factors affecting enrollment of patients with HF, and (c) identify areas for 
future research.  
Methodology 
An electronic literature search covering the years of 1995 to 2012 was conducted 
using the Cumulative Index of Nursing and Allied Health (CINAHL) and US National 
Library of Medicine National Institutes of Health (PubMed). This time period was chosen 
because cardiac rehabilitation programs became more comprehensive after 1995 by 
including education and counseling to promote adoption of an active lifestyle.104 The 
keywords used were: cardiac rehabilitation, enrollment, participation, attendance, 
barriers, physical activity, and exercise. The focus of this review was quantitative studies 
in which factors associated with cardiac rehabilitation program enrollment were 
investigated. Because HF is the end stage of cardiovascular disease and no investigators 
have specifically examined patients with HF, published studies of all patients discharged 
from any cardiac-related hospitalization were included in this review.  
The titles and abstracts of 1047 studies identified that were written in English and 
included adult patients with heart disease were reviewed for inclusion. The references of 
the selected articles were also examined to identify additional relevant studies. Studies 
that were included in this review had to meet the following criteria: (1) samples included 
men and/or women discharged from a cardiac-related hospitalization, (2) measured 
enrollment in a cardiac rehabilitation program, and (3) examined the impact of socio-
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demographic, psychosocial, or clinical factors on enrollment in a cardiac rehabilitation 
program. A total of 1017 studies were excluded. Reasons for exclusion were 
classification as literature review articles (N = 34), using qualitative research methods (N 
= 23), inclusion of patients enrolled in interventions to promote enrollment in a cardiac 
rehabilitation program (N = 27), and failure to provide information about the predictors 
of enrollment (N = 933). Another 8 studies were later excluded. Of these, 3 studies were 
excluded because they focused on reporting the frequencies of enrollment barriers rather 
than testing the effect of the barriers on enrollment in a cardiac rehabilitation program.105-
107 Another 4 studies were excluded because of failure to classify patients who did not 
attend rehabilitation after hospital discharge from patients who dropped out after their 
attendance to rehabilitation sessions.108-111 One additional study was excluded because 
enrollment in a cardiac rehabilitation program was measured retrospectively.112 Overall 
22 studies were deemed relevant and were included in this review (Table 3.1). 
Definition of Enrollment 
In this review, we defined enrollment in a rehabilitation program as the initial 
patient enrollment in a cardiac rehabilitation program rather than adherence to attendance 
at rehabilitation sessions. 
Rates of Enrollment in Rehabilitation Programs 
It is difficult to draw definitive conclusions about rates of enrollment in cardiac 
rehabilitation programs because the period of time after hospital discharge that 
enrollment was measured varied across studies from 1 to 9 months resulting in widely 
varying reports of enrollment rates. 
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In 5 studies, enrollment rates in a cardiac rehabilitation program of all patients 
discharged following a cardiac-related hospitalization measured at 1 month were reported 
to be between 22% and 68%.113-117 The wide range in the enrollment rates among these 
studies may be related to sample size. In studies with sample sizes less than 200, 
enrollment rates had the widest range between 23% and 68%.113,114 115 In studies with 
sample sizes of more than 400 patients, enrolment rates were reported to be 29% to 36% 
.116,117 Thus, it appears that greater sample size reduced the variability, resulting in more 
stable estimates of enrollment rates. Studies in which enrollment in rehabilitation 
programs was measured at 2 to 3 months after hospital discharge yielded similar rates of 
28% to 34%.118-120  In the 2 studies that included only women, enrollment rates were 
reported to be 34% in a sample of 77 patients120 and 29% in a larger sample of 183 
patients.118  However, in a study of 254 rural patients, the enrollment rate was reported to 
only be 28% of all patients discharged from the hospital.119 
Enrollment in cardiac rehabilitation programs was measured between 6 to 9 
months after hospital discharge in 9 studies.117,121-128 Among these, enrollment rates were 
reported to be somewhat higher ranging from 36% to 56%. Enrolment rates varied based 
on population characteristics. In 4 studies with more than 1,200 patients discharged with 
coronary heart disease, enrollment rates were reported to be between 36% and 43%.125-128 
In 5 other studies of patients discharged following acute myocardial infarction, enrolment 
rates ranged from 40% to 56%.117,121-124 In contrast to studies of enrollment at 1 month, 
these studies at 6 to 9 months with sample sizes of 500 or more yielded higher enrollment 
rates (e.g., 56%) 117,121,122 than studies with samples of less of than 200 (e.g., 40%).123,124 
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Thus, it appears that measuring enrollment in rehabilitation programs after a longer 
period following hospital discharge results in higher enrollment rates. This suggests that 
patients may take time after discharge to decide to enroll in a cardiac rehabilitation 
program. 
 In summary, enrollment rates in rehabilitation programs vary from 22% to 68%, 
depending upon when enrollment was measured, sample size, and population 
characteristics. Knowing reliable information about enrollment rates is important for 
researchers and clinicians to set a goal to improve enrollment in a rehabilitation program. 
Because a patient’s decision to enroll in a program may increase over time, it is necessary 
for future investigators to determine the time period after hospital discharge that patients 
need to make a decision to enroll in a cardiac rehabilitation program. This will help to 
determine the factors associated with enrollment and identify the patients who are less 
likely to enroll in rehabilitation. 
Factors Associated with Participation in Cardiac Rehabilitation Program 
Socio-demographic Factors 
Age. The effect of age on enrollment in a rehabilitation program was examined in 
16 studies.113-125,127,129,130 The results were inconsistent. In 6 studies, younger patients 
were more likely to enroll in a rehabilitation program than older 
patients.115,117,121,124,125,127 Among these studies, mean age of the samples ranged from 60 
to 68 years. In another 4 studies, patients younger than 70 years were more likely to 
enroll in a rehabilitation program than older patients.118,122,123,129 In 4 of the previous 
studies, the relationship between age and enrollment in a rehabilitation program was only 
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tested in t-test and chi square analyses in samples of patients with acute MI, CABG 
surgery, and coronary heart disease.121,123,124,127 In 6 other studies115,117,118,122,125,129 in 
which logistic regression models were tested, age was consistently a predictor of 
enrollment in patients following acute MI or CABG surgery115,117,122,129 but not in patients 
with coronary heart disease.118,125 Two groups of investigators tested the relationship 
between age and enrollment in a rehabilitation program in patients with coronary heart 
disease and in logistic regression models. In one study (N = 183), age was a predictor of 
enrollment after controlling for employment status, type of heart disease diagnosis, 
personal stressful event, and perceived control.118 In the other study including a larger 
sample size (N = 1,268), age was related to enrollment in a rehabilitation program in a t-
test analysis but not a predictor in a logistic regression model that controlled for 16 
variables.125 In this study, the controlled variables of being married, short distance from 
rehabilitation program site, healthcare provider recommendation for enrollment, and 
fewer total enrollment barriers were significant predictors of enrollment. Based on results 
of previous studies with large samples using multivariate analyses, younger age patients 
with more life-threatening heart disease such as acute MI or CABG surgery were more 
likely to enroll in a rehabilitation program. In contrast, younger age was associated with 
enrollment in a rehabilitation program in simple bivariate analyses but not in multivariate 
analyses in patients with less life threatening heart disease. This suggests that the 
relationship between age and enrollment in this population is actually due to other 
important factors that are age related. These factors include marital status, distance from 
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rehabilitation program site, healthcare provider recommendation for enrollment, and total 
enrollment barriers. 
Contrasting findings were reported in a study of rural patients (N = 254) with a 
mean age of 64 years.119 In this study, enrollment in a rehabilitation program increased 
with older age. This contradictory finding may be related to demographic differences 
across rural and non-rural population. Rural areas tend to have large number of elderly, 
poorer, and more often uninsured people.131 In another 4 studies, age was unrelated to 
enrollment in a rehabilitation program.113,114,116,120 In 3 of these, sample sizes were less 
than 100.113,114,120,130 In the other study, the sample was younger (mean age = 57 years) 
than previous studies that reported age was a predictor.116 Thus, the preponderance of 
evidence suggests that younger age patients are more likely to enroll in rehabilitation 
programs. 
There are many reasons why older patients may be less likely to enroll in a 
rehabilitation program. First, practitioners have been less likely to refer older patients to a 
rehabilitation program.115,125,127,130  Second, older patients report more enrollment barriers 
than younger patients. 127  These include preference to exercise at home, perception of 
exercise as painful, high self-confidence in ability to manage heart condition, lack of 
knowledge about rehabilitation, no physician recommendation, more comorbidities, and 
belief of limited health benefits of enrollment. Younger patients reported work 
responsibilities and time constraints. These findings suggest that older patients face a 
number of modifiable barriers to enrollment in a rehabilitation program. 
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Gender. In 13 studies, investigators examined the difference in the rates of 
enrollment in rehabilitation programs between genders.113-117,121-126,129,132 In 11 of these, 
percent of women in the samples ranged from 15% to 35%.113-117,121,123-125,129,132 In 
another 2 studies in which investigators specifically examined the effect of enrollment 
barriers among gender on enrollment in a rehabilitation program, women accounted for 
only 29% and 43% of their sample.122,126 In 6 studies in which chi square analysis was 
used, more men were reported to enroll in a rehabilitation program than women.115,117,121-
123,126 Contrary findings were reported in 5 other studies in which chi square analysis was 
used.113,114,116,124,125,129 The researchers found no difference in the rates of enrollment 
between gender.  
In 4 studies, gender was tested in logistic regression models and the results 
revealed that gender was not a predictor of enrollment in a rehabilitation 
program.115,117,129,132 In one of these models, investigators controlled for 31 variables and 
found that younger age, higher level of education, White ethnicity, non-smoking, and no 
prior percutaneous coronary intervention were significant predictors of enrollment.117 In a 
second model in which 18 variables were controlled, younger age, residents in urban 
areas, lower body mass index, and higher self-efficacy were significant predictors of 
enrollment.129 In a third model, investigators tested the predictive ability of gender after 
controlling for 13 variables and found that referral to rehabilitation program, treated with 
reperfusion therapy, and perceived rehabilitation benefits were significant predictors of 
enrollment.115 In the remaining model, gender was tested in a model that included 6 
variables in which higher income, self-efficacy, and anxiety were significant predictors of 
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enrollment.132 Based on previous studies, it is difficult to draw conclusions about the 
relationship between gender and enrollment in a rehabilitation program because the 
results from those studies were on samples with a small proportion of women. 
Despite the results that the relationship between gender and enrollment in a 
rehabilitation program is unclear, investigators noted many important enrollment barriers 
among women which may make women patients less likely to enroll than men. The 
primary reason that women were less likely to enroll is lack of referral.115,120,132,133 Other 
reasons reported by women were low functional ability,126,134 lack of rehabilitation 
awarness,120,126,135 perception of exercise as pain,126 comorbidities,126,136 low annual 
income,135 and family responsibilities.126 Reasons from men included work 
responsibilities, already exercising, and self-confidence in ability to self-manage heart 
condition as the main barriers.126 Common to both genders were older age, being 
unmarried, and transportation problems.113,121,122,126,133,136 Factors that increase enrollment 
included spouse’s emotional and tangible support.137,138 Perceived emotional support has 
been demonstrated to attenuate the negative effects of stressful events and enhance 
physical and emotional well-being. Tangible support helps in decreasing personal barriers 
to enroll in a rehabilitation program such as transportation problem, financial burden, and 
household and job responsibilities.  In conclusion, gender differences in annual income, 
functional ability, referral, and perceptions about cardiac rehabilitation might be reasons 
men are more likely to be enrolled in a rehabilitation program.  
Marital Status. Five groups of investigators examined the role of marital status in 
enrollment in a rehabilitation program.115,117,120,121,125 Three groups showed being married 
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increased enrollment in a rehabilitation program in a chi square analysis.117,121,125 In 
previous studies, sample sizes were large with more than 900 patients. However, the 
results from 2 other studies in which chi square analysis was used revealed a non-
significant difference in the enrollment rates between married and unmarried 
patients.115,120 Among these studies, the relationship between marital status and 
enrollment was tested in smaller sample sizes of 100 and 179 patients.  
In studies in which the relationship of marital status was tested in logistic 
regression models, the results were inconsistent. One group included a sample of patients 
with coronary heart disease and found that being married was an independent predictor of 
enrollment in a rehabilitation program after controlling for 16 variables.125 In another 
study including post CABG patients, being married was more likely to enroll in a 
rehabilitation program in an unadjusted model, but this association was insignificant after 
controlling for demographic, clinical, and perceived social support factors.121 In another 
study, being married was unrelated to enrollment in samples of patients with acute MI.117 
In this study, the model controlled for 31 variables in which younger age, higher level of 
education, White ethnicity, non-smoking, and no prior percutaneous coronary 
intervention were significant predictors of enrollment. Based on results from studies in 
which sample sizes were large and multivariate analyses were used, it appears that being 
married is an important predictor of enrollment in a rehabilitation program in patients 
with less life-threatening heart disease conditions. On the other hand, in patients with 
more life-threatening heart disease, being married was associated with enrollment in a 
rehabilitation program in simple bivariate analyses but not in multivariate analyses 
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because this relationship in this population is due to other factors that are related to 
marital status. These factors include age, level of education, ethnicity, smoking status, 
and previous history of cardiac disease.   
Ethnicity. Most of the studies reviewed described the ethnicity of the sample, but 
only 4 groups of investigators examined the association between ethnicity and enrollment 
in a rehabilitation program.117,120,125,135 In one study in which chi square analysis was 
used, more White women patients with coronary heart disease (N = 253; minority = 43%) 
were reported to enroll in a rehabilitation program than minorities.135 The results from 
another group used larger sample size of patients with MI (N = 1347; minority = 16%) 
and a logistic regression model revealed that White patients were more likely to enroll in 
a rehabilitation program than minority patients.117 Lack of a physician’s recommendation, 
lack of awareness about rehabilitation, and financial burden were reported as the most 
influential barriers affecting minority enrollment in a rehabilitation program.105,135,139,140 
Other barriers were reported including: language barriers, job demands, inflexible 
program time, long distance to program site, transportation problem, comorbidities, and 
lack of support from family.105,116,139,140  
Conversely, 2 other groups reported that ethnicity was unrelated to enrollment in 
a rehabilitation program in a chi square analysis.120,125 In one study, this relationship was 
tested in small sample size of minorities (N = 77; minority = 30%),120 while in another 
study, the sample size was large including patients with coronary heart disease (N = 
1268; minorities = 14%).125 In another study reported above, ethnicity was not a predictor 
of enrollment in a logistic regression model controlling for age, annual income, level of 
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education, severity of angina pain, and comorbidity.135 Thus, it is difficult to draw a 
conclusion about the relationship between ethnicity and enrollment in a rehabilitation 
program because the results from previous studies were based on samples of a small 
proportion of minorities.  
Employment Status. The results from the 8 studies in which employment status 
was examined produced inconsistent results.113,114,117,118,120,121,124,125 In 3 studies of 
patients with coronary heart disease, acute MI, and CABG, using chi square analysis, 
enrollment rates in a rehabilitation program were greater among employed patients than 
those who were unemployed.114,121,124 In another study, employment status was found to 
be an independent predictor of enrollment in a logistic regression model (N = 183).118 In 
2 other studies, employment status was related to enrollment in a chi square analysis, but 
not in logistic regression models.117,125 Both studies had larger sample sizes (N > 1200) of 
patients with coronary heart disease and acute MI than the previous study.118 In one of the 
previous models, investigators controlled for 31 variables and found that younger age, 
higher level of education, White ethnicity, non-smoking, and no prior percutaneous 
coronary intervention were significant predictors of enrollment.117 In a second model in 
which 16 variables were controlled, being married, short distance from rehabilitation 
program site, healthcare provider recommendation for enrollment, and fewer total 
enrollment barriers were significant predictors of enrollment.125  
In 2 other studies with smaller sample sizes of less than 100 patients, employment 
status was unrelated to enrollment in a rehabilitation program in a chi square 
analysis.113,120 In conclusion, being employed was associated with enrollment in a 
 
 
 
Copyright © Zyad T. Saleh 2013 
 
43 
 
rehabilitation program in simple bivariate analyses but not in multivariate analyses 
controlling for other factors. This suggests that employment status did not directly 
affected patients’ enrollment in a rehabilitation program. Thus, based on studies with 
large sample sizes in which employment status was included in a multivariate model the 
results were inconsistent making it difficult to draw conclusions about employment status 
as a predictor of enrollment in a rehabilitation program. 
Household Income. Five groups of investigators have examined the relationship 
between income and enrollment in a rehabilitation program.116,120,125,132,135 Household 
income was analyzed as a continuous or a dichotomous variable. In one study in which 
income was analyzed as a continuous variable, higher income was an independent 
predictor of enrollment.132 In contrast, in 4 other studies in which income was analyzed as 
a categorical variable, the results are inconsistent.116,120,125,135 In 3 of these, the 
relationship was tested in a chi square analysis.116,120,125 In one study, more patients with 
higher income levels were reported to enroll in a rehabilitation program than those with 
lower income levels.125 However, in 2 other studies, income levels made no difference in 
enrollment rates.116,120 Income was also tested in a logistic regression model in 2 
studies.125,135 In one of these, higher income levels were a predictor of enrollment in a 
rehabilitation program after controlling for age, ethnicity, level of education, severity of 
angina pain, and comorbidity.135 In another study, income was not a predictor of 
enrollment in a model controlling for 16 variables in which being married, short distance 
from rehabilitation program site, healthcare provider recommendation for enrollment, and 
fewer total enrollment barriers were significant predictors of enrollment.125 The 
 
 
 
Copyright © Zyad T. Saleh 2013 
 
44 
 
inconsistencies in the results in previous studies are related to how household income 
groups were defined. The investigators used an arbitrary cutoff point that is different in 
each study. Thus, based on one study in which household income was analyzed as 
continuous variable, it appears that higher income was related to enrollment in a 
rehabilitation program. 
Level of Education. The relationship between level of education and enrollment 
in rehabilitation program was examined in 7 studies.114,115,117,120,121,125,135 In 4 studies, 
higher level of education was related to enrollment in a rehabilitation 
program.115,117,121,125 In one of these studies, the relationship was tested in a chi square 
analysis and in a sample of patients with CABG surgery.121 In another 2 studies, higher 
level of education was a predictor of enrollment in logistic regression models and in 
samples of patients with acute MI.115,117 In the remaining study of patients with coronary 
heart disease, although level of education was related to enrollment in a rehabilitation 
program in a chi square analysis, it was unrelated in a multivariate model.125 In this study, 
the model controlled for 16 variables in which being married, short distance from 
rehabilitation program site, healthcare provider recommendation for enrollment, and 
fewer total enrollment barriers were significant predictors of enrollment. In 3 of the 
previous studies, sample sizes were large with more than 900 patients.117,121,125 
However, in 3 studies, education was not a significant factor in patients with 
coronary heart disease.114,120,135  In 2 of these, the relationship was tested in a chi square 
analysis and in smaller sample sizes (N < 80 patients).114,120 In the other study (N = 253), 
education was tested in a logistic regression model controlling for 5 variables in which 
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higher income was a significant predictor of enrollment.135 Thus, based on the studies in 
which sample sizes were large and multivariate analyses were used, higher level of 
education was positively related to enrollment in a rehabilitation program in patients with 
more life-threatening heart disease such as acute MI. In patients with less life-threatening 
heart disease, educational level was directly related to enrollment in simple bivariate 
analyses but not in multivariate analyses suggesting this relationship in this population is 
affected by other important factors. These factors include marital status, household 
income, distance from rehabilitation program site, healthcare provider recommendation 
for enrollment, and total enrollment barriers. 
Distance from Rehabilitation Program Site. A positive relationship between 
distance from rehabilitation program and enrollment was consistently reported in 5 
studies.116,119,125,128,141 Short distance to rehabilitation program site was associated with 
more likelihood to enroll in a rehabilitation program. The result from one study showed 
that patients were significantly less likely to enroll in a rehabilitation program if they 
have to drive 60 minutes or more to the nearest program.128 Overall, distance from 
rehabilitation program site was the strongest factor among socio-demographic 
characteristics.  
Summary. Although the findings for other demographic characteristics are 
inconsistent, the majority of evidence suggests that younger age, married, higher income, 
and higher level of education are associated with enrollment in a rehabilitation program. 
The findings regarding the relationship of gender, ethnicity, and employment status to 
enrollment are inconsistent. 
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Psychosocial Factors 
Emotional Distress. Inconsistent results have been reported in the studies 
examining the relationship between emotional distress and enrollment in a rehabilitation 
program. In 2 studies, the results of t-test analyses showed that non-enrollment patients 
had greater depressive symptom levels than those who enrolled in a rehabilitation 
program.114,125 Contrary findings were reported in 3 other studies in which t-test analysis 
was used.113,115,120 The investigators did not find difference in depressive symptom levels 
between enrollment and non-enrollment patients. In 4 studies in which the relationship 
was tested in logistic regression models, depressive symptoms did not predict 
enrollment.117,125,129,132 In one of these studies, depressive symptoms were included in a 
model controlling for 31 variables in which younger age, higher level of education, White 
ethnicity, non-smoking, and no prior percutaneous coronary intervention were significant 
predictors of enrollment.117 In a second study in which 18 controlled variables were 
included, younger age, residents in urban areas, lower body mass index, and higher self-
efficacy were significant predictors of enrollment.129 In a third study, depressive 
symptoms were tested in a model that controlled for 16 variables in which being married, 
short distance from rehabilitation program site, healthcare provider recommendation for 
enrollment, and fewer total enrollment barriers were significant predictors of enrollment. 
125 In the remaining study, the model controlled for 6 variables in which higher income, 
self-efficacy, and anxiety were significant predictors of enrollment.132 
The relationship between anxiety and enrollment in a rehabilitation program was 
examined in 2 studies.113,132 One group of investigators found a positive relationship 
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between anxiety levels after hospital discharge and enrollment in a logistic regression 
model that controlled for gender, annual income, self-efficacy, social support, and a 
number of negative life events.132 The other group found no difference in anxiety 
symptoms levels between enrollment and non-enrollment patients in a t-test analysis.113 
The limited evidence makes it difficult to draw conclusions about the effect of emotional 
distress on enrollment in a rehabilitation program.  
Lack of evidence of the relationship between emotional distress and enrollment in 
a rehabilitation program may be because emotional distress in previous studies was 
assessed at or shortly after hospital discharge. Research has shown that emotional distress 
rises in patients with CVD at hospital discharge.142,143 Emotional distress has been shown 
to remit over the following weeks however, about one a quarter of patients may remain 
distress at one year.142-144 Research has suggested that follow up assessment of emotional 
distress is more predictive of health behaviors and patients outcomes than emotional 
distress assessed at or shortly after hospital discharge.145,146 Thus, it becomes difficult to 
make inferences that emotional distress in patients with CVD has no negative effects on 
enrollment in a rehabilitation program. 
Self-efficacy. Four studies examined the relationship between self-efficacy to 
perform health behaviors and daily functional tasks with enrollment in a rehabilitation 
program.115,123,129,132 In one study, patients with coronary heart disease who had higher 
self-efficacy were more likely to enroll in a rehabilitation program in a logistic regression 
model that controlled for gender, annual income, anxiety levels, social support, and 
number of negative life events.132 The results from 3 other studies in which samples were 
 
 
 
Copyright © Zyad T. Saleh 2013 
 
48 
 
patients with acute MI and post CABG surgery produced inconsistent results.115,123,129 In 
one study in which t-test analysis was used, enrollment patients had greater self-efficacy 
levels than those who did not enroll in a rehabilitation program.123 Insignificant findings 
were reported in 2 other studies.115,129 In one of these, self-efficacy was tested in a 
logistic regression model that controlled for 13 variables in which referral to 
rehabilitation program, treated with reperfusion therapy, and perceived benefits of 
rehabilitation were significant predictors of enrollment.115 Research has shown that self-
efficacy is low in patients who experienced acute cardiac symptoms.147,148 It has been 
noted that the beliefs that are held by those patients regarding the effectiveness of cardiac 
disease managements had more powerful effects on health behaviors than self-efficacy.148 
Thus, it seems that self-efficacy is an important predictor of enrollment in a rehabilitation 
program in patients with coronary heart disease but not important in patients with more 
life-threatening heart disease of acute MI or CABG surgery.  
Social Support. Inconsistent results have been reported in studies examining the 
relationship between structural, instrumental, and emotional types of social support to 
enrollment in a rehabilitation program.115,117,119,121,123,125,129,132 In one study, emotional 
and instrumental social support were related to enrollment in a rehabilitation program in a 
rural population using a multivariate model.119 Social support in rural populations could 
address such rural-specific enrollment barriers of long distance from program site and 
transportation problems, which may make enrollment in rehabilitation program easier. In 
another study, patients who perceived greater emotional support were more likely to 
enroll in a rehabilitation program in an unadjusted logistic regression analysis, but this 
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association was insignificant after controlling for gender, socioeconomic status, and 
comorbidity factors.121 In 2 other studies, the relationship between emotional and 
instrumental social support and enrollment in a rehabilitation program was insignificant 
in t-test and multivariate analyses.117,125 In another 4 studies, the investigators found 
insignificant effect of structural social support on enrollment in a rehabilitation program 
in logistic regression models.123,125,129,132 Thus, the majority of investigators found non-
significant relationships between social support and enrollment in a rehabilitation 
program. Perceived social support appears to have no effect on enrollment.  
Perceptions of Cardiac Rehabilitation. Aspects of patients’ perceptions have 
been considered to be influential factors in determining enrollment in a rehabilitation 
program.115,124,125,149 In reviewing 4 studies reported for this factor, it would appear that 
enrollment in a rehabilitation program was better when patients had the following 
perceptions that: 1) cardiac illness will last a long time,125,149 2) cardiac disease is 
controllable,124,125 and 3) exercise or cardiac rehabilitation is important or 
necessary.115,124,125 On the contrary, misconceptions held by patients about the causes of 
cardiac illness and that rehabilitation is suitable for younger age were associated with 
non-enrollment in a rehabilitation program.124 Moreover, greater perceived barriers of 
enrollment than benefits were negatively related to enrollment in a rehabilitation 
program.125 
Summary. Patients’ beliefs about rehabilitation and disease have a strong effect 
on enrollment in a rehabilitation program. Self-efficacy may be an important predictor of 
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enrollment in patients with coronary heart disease. Emotional distress and social support 
appear to have no effect on enrollment in a rehabilitation program.  
Clinical Factors 
Referral. Healthcare providers’ referral in general has been found to be a 
significant predictor of enrollment in a rehabilitation program.115,125,128,150,151 Factors 
associated with referral to rehabilitation were: younger age,86,115,127,130 male 
gender,86,115,132,133 White ethnicity,139 higher annual income,135 having commercial 
insurance,133 short driving time,128 no history of cardiac disease, follow up appointment 
with cardiologist or cardiac surgeon,115,130 and discharged following acute MI or CABG 
surgery.115,130 
Functional ability. The impact of functional ability on enrollment in a 
rehabilitation program was reported in 4 studies and the results are 
inconsistent.117,121,125,128 In 2 studies, greater functional ability was associated with 
enrollment in a rehabilitation program.117,128 In these studies, the relationship was tested 
using a t-test analysis117 and in a logistic regression model128 among samples of patients 
with acute MI and coronary heart disease, respectively. In 2 other studies, the 
investigators did not find a relationship between functional ability and enrollment in a 
rehabilitation program in a t-test analysis121 and in a logistic regression model125 among 
samples of patients with CABG surgery and coronary heart disease, respectively. Thus, 
functional ability might not be an important internal cue to enroll in a rehabilitation 
program. 
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Medical History. The relationship between patients’ medical history and 
enrollment in a rehabilitation program was examined in 9 studies. In 4 studies in which 
chi square analysis was used, more patients without previous medical history of cardiac 
disease were reported to enroll in a rehabilitation program than those with such previous 
cardiac disease.115-117,121 Hospital admissions subsequent to a diagnosis of a more severe 
forms of MI were associated with enrollment in a rehabilitation program in logistic 
regression models.115,118 In another study in which a logistic regression model was used, 
patients who received reperfusion therapy were more likely to enroll in a rehabilitation 
program than those who did not.115 In contrast, in 3 other studies in which chi square 
analysis was used, investigators did not note differences in the medical history of cardiac 
disease or comorbidity between enrollment and non-enrollment patients.113,120,124 Among 
these studies, this relationship was tested in smaller sample sizes (N < 140 patients) than 
those previous studies that reported opposite results.115-118,121 Thus, it appears that 
previous history of cardiac disease has a negative impact on their enrollment in a 
rehabilitation program. 
Other clinical-related factors. Several investigators examined the relationships of 
left ventricular ejection fraction (LVEF), active lifestyle, body mass index (BMI), and 
smoking status to enrollment in a rehabilitation program. LVEF is an important clinical 
indicator of myocardial contractility and of the severity and prognosis of heart 
disease.152,153 In one study, patients who enrolled in a rehabilitation program had greater 
LVEF  than those who did not enroll.121 This relationship was tested in a t-test analysis, 
LVEF was analyzed as continuous variable (mean = 50%), and sample size of patients 
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with CABG surgery was large (N = 944). However, in 2 other studies, LVEF was 
unrelated to enrollment in a rehabilitation program.114,117 In one study, the relationship 
was tested in a t-test analysis and LVEF was analyzed as a continuous variable, but mean 
LVEF was greater than the previous study (mean = 56%) and the sample was smaller of 
less than 80 patients with coronary heart disease.114 In another study, the relationship was 
tested in a logistic regression analysis and in a large sample of patients with acute MI (N 
= 1347), but LVEF was analyzed as a categorical variable using an arbitrary cutoff point 
of 40%.117 Based on one study in which the sample size was large and LVEF was 
analyzed as a continuous variable, LVEF is suggested as a factor that may be related to 
enrollment in a rehabilitation program. 
In one study, a positive relationship was noted between sedentary lifestyle and 
enrollment in a rehabilitation program.113 Another group of investigators found patients 
with more active lifestyle were more likely to enroll.116 The relationship between active 
lifestyle and enrollment was non-significant in 4 other studies.113,117,120,124 Using self-
report measurements to assess physical activity was a major limitation common to all of 
these studies that may contribute to inconsistences in findings. The self-report measures 
are often encountered with issues of recall and response bias and the inability to capture 
the actual level of physical activity.154  
In 2 studies, higher BMI was reported to be associated with enrollment in a 
rehabilitation program.113,121 In these studies, BMI was analyzed as a continuous (mean = 
29.9 kg/m2) and categorical variable. However, in 7 other studies, BMI was unrelated to 
enrollment.114,117,120,124,125,128,129 In 5 of these, BMI was analyzed as a continuous variable 
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in which mean BMI in one study117 was 29.5 kg/m2 and in others114,124,125,128 was smaller 
of less than 28 kg/m2. 
Being a smoker was negatively related to enrollment in a rehabilitation program 
in several studies,114,121 while other groups could not find a relationship.113,116,120,124,125,129 
In 3 of the previous studies, 113,114,120 the results were based on small sample sizes of less 
than 90 patients and in others were based on samples of a small proportion of smokers 
(smoker < 25%).116,121,124,125,129 Based on the findings from previous studies, the 
relationships between BMI and smoking status and enrollment in a rehabilitation program 
are not clear. 
Summary. Patients who had no cardiac disease history and who received referral 
to the rehabilitation program are more likely to enroll in a rehabilitation program. LVEF 
is suggested to be a factor that could affect enrollment in a rehabilitation program. The 
relationships between functional ability, active lifestyle, BMI, and smoking status and 
enrollment in a rehabilitation program are not clear. 
Discussion  
It appears that younger patients with more life-threatening heart conditions such 
as acute MI or CABG surgery were more likely to enroll in a cardiac rehabilitation 
program than patients with less severe heart conditions. A higher level of education was 
an important predictor of enrollment in patients post-acute MI or CABG surgery, whereas 
being married appeared to be an important factor for patients with coronary heart disease. 
The factors of age and level of education among patients with coronary heart disease, 
marital status among patients following a MI or CABG, and employment status in 
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general cardiac patients did not appear to be directly related to enrollment in a 
rehabilitation program. In addition, there was no consistent evidence of gender 
differences in enrollment in a rehabilitation program. This may be because studies in 
which enrollment rate was compared between genders included a small proportion of 
women. Similarly, the relationship between ethnicity and enrollment in a rehabilitation 
program is not clear because only a few studies have been conducted and those had small 
sample sizes of minorities. As expected, a short distance from cardiac rehabilitation 
program site and higher income were consistently related to enrollment in a rehabilitation 
program.  
Among psychosocial factors, patients who believed their cardiac condition was 
chronic but controllable and perceived rehabilitation as beneficial were more likely to 
enroll in a rehabilitation program. In contrast, patients with misconceptions about the 
causes of cardiac disease and who perceived greater barriers to participating were less 
likely to enroll in a cardiac rehabilitation program. Self-efficacy was positively associated 
with enrollment in a rehabilitation program among patients with coronary heart disease. 
Depression, anxiety, and social support did not appear to have an effect on enrollment. 
Among clinical factors, referral to rehabilitation was consistently found to be a 
strong predictor of enrollment in a rehabilitation program. Enrollment rates were greater 
in patients without heart disease history than those with a previous heart-related 
condition. In addition, patients with more severe acute MI and who received reperfusion 
therapy were more likely to enroll. Greater LVEF levels were suggested as a factor that 
may be related to enrollment in a rehabilitation program. The results of relationships 
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between functional ability, smoking status, and BMI and enrollment in a cardiac 
rehabilitation program are limited because of inconsistent findings from the available 
literature.  
Suggestions for Future Research 
A limitation in current research is the variation in period of time for which 
enrollment after hospital discharge was measured. Enrollment in rehabilitation programs 
was determined at 1 to 9 months after hospital discharge, resulting in a wide range in 
enrollment rates. It appears that investigators who measured enrollment at 6 to 9 months 
found higher enrollment rates than investigators who measured enrollment at shorter 
follow up times of 1 to 3 months. It is possible that a patients’ decision to enroll in a 
rehabilitation program and their enrollment barriers change over time.117 Therefore, it is 
necessary for future studies to determine the time period after hospital discharge that 
patients need to make a decision to enroll in a cardiac rehabilitation program. Knowing 
the process by which patients make the decision to enroll in a rehabilitation program may 
be a vital component in identifying the optimal time period after hospital discharge to 
encourage patients to enroll.   
Smaller sample sizes also produce wider ranges in enrollment rates in 
rehabilitation programs and preclude the use of multivariate statistical techniques. This 
makes it difficult to draw any definitive conclusions regarding enrollment. 
Last limitation is the lack of using theoretical frameworks to guide the study 
design and methods. This approach results in oversimplification and potential 
misinterpretation of these phenomena that influence enrollment in a rehabilitation 
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program. Therefore, it will be important to conduct theoretically guided research studies 
of enrollment in a cardiac rehabilitation program. Using a theoretical framework has the 
following benefits: 1) specifies key variables that influence enrollment in a rehabilitation 
program, 2) explains how those key variables interact to affect enrollment, 3) can provide 
more consistent information about enrollment, and 4) provides guidance in interpreting 
results and regarding mechanisms through which these factors can be better understood. 
The Transtheoretical Model may be one of the best models that can guide future 
investigations to identify determinants of enrollment in a rehabilitation program after 
hospital discharge.155 The model is based on theories of motivation and behavioral 
change. It is an integrated model of current behavioral status and behavioral intention of 
changing a problem behavior or acquiring a positive behavior. Using this model to guide 
the future studies has one advantage over other models. The Transtheoretical Model 
conceptualizes behavior change as a process occurring over time, as opposed to 
alternative theories of change. By breaking the change process into stages, this model 
will help in investigating which factors contribute to progress through the stages of 
making the decision to enrollment in a rehabilitation program and physical activity 
behavior change.156-159 This can help identify important strategies for developing an 
intervention, which may move patients forward to maintenance stage of physical activity 
behavior after rehabilitation.160 
Implications 
  Although age, gender, ethnicity, medical history, and LVEF are not modifiable, 
they can help identify those needing attention to increase the likelihood of enrollment. 
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Factors can be modified to have positive impacts. Investigators consistently found that 
patients with lower income and who drove long distances to a rehabilitation program site 
were less likely to enroll in a rehabilitation program. Patients who are less educated or 
have no spouse were less likely to enroll. The lower income factor may indicate patients 
who cannot afford the cost of rehabilitation. Even with Medicare or Medicaid, many 
patients are unable to afford other expenses that are not strictly related to rehabilitation 
program cost, for instance transportation and parking. As part of clinical practice, health 
care providers should act as a supporter for the patients. Providers should ascertain the 
information needs of patients and their family members about heart disease and the 
benefits of rehabilitation. Providers need to afford patients with the available resources to 
lower enrollment costs and to overcome impediments of accessing rehabilitation 
programs.  
 The results from this review suggest that patients’ perceptions of cardiac disease 
and management are important to enrollment in a rehabilitation program. Health care 
providers can have a strong, positive impact on patients’ perceptions of these two factors. 
For example, health care providers can promote patients’ awareness about their condition 
and the benefits of rehabilitation. Providers should encourage patients to raise their 
concerns and to develop an understanding and response to them. Providers should 
routinely assess patients’ awareness of the benefits of rehabilitation, while emphasizing 
the importance of continuous attendance. 
 Within the category of clinical factors, the investigators consistently found that 
referral is essential to enrollment in a rehabilitation program. Health care providers are 
 
 
 
Copyright © Zyad T. Saleh 2013 
 
58 
 
responsible for identifying and referring all eligible patients to a rehabilitation program. 
Educating providers about eligibility may improve the rate of referral. Rehabilitation 
programs may also establish policies and procedures for automatic referral for patients 
who meet the pre-specified requirements of enrollment.  
Conclusions 
 Physical activity is recommended in the management of HF. Several studies have 
documented that adherence to physical activity improves many indices associated with 
activity tolerance. Increased activity tolerance is associated with enrollment in a cardiac 
rehabilitation program. Therefore, it is essential that motivators as well as barriers to 
rehabilitation enrollment be considered. It is interesting to note that research on factors 
related to enrollment has not been conducted specifically on patients with HF. This may 
be that increasing physical activity behavior in patients with HF is not considered as 
important as adherence to medication and diet. Accordingly, more studies with HF 
populations are needed to investigate the many other factors that appear to influence 
utilization of rehabilitation and adherence to physical activity. 
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Table 3.1. Factors Increasing Enrollment in a Cardiac Rehabilitation Program 
Variables Findings of higher rates of enrollment 
Socio-demographic factors:  
Age  Younger age with more life-threatening heart 
disease such as acute MI or CABG 
surgery.115,117,121-123,129  
Gender  No consistent results.113-117,121-126,129,132 
Marital status  Being married with less life-threatening 
heart disease.125  
Ethnicity  No consistent results.117,120,125,135 
Employment status No consistent results.113,114,117,118,120,121,124,125 
Household income  Higher household income.132 
Level of education  Higher level of education with more life-
threatening heart disease such as acute MI or 
CABG surgery.115,117,121 
Distance from rehabilitation program site Short distance from rehabilitation program 
site.116,119,125,128,141 
Psychosocial factors:  
Emotional distress  No consistent 
results.114,125113,115,117,120,125,129,132  
Self-efficacy  Greater perception of self-efficacy with less 
life-threatening heart disease.132 
Social support  No consistent results.115,117,119,121,123,125,129,132 
Perceptions of cardiac rehabilitation 
 
 
 
Perceived benefits of rehabilitation and 
perceived fewer enrollment 
barriers.115,124,125,149 
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Table 3.1. (Continued)  
Clinical factors:  
Referral to rehabilitation Received referral to rehabilitation 
program.115,125,128,150,151 
Functional ability  No consistent results.117,121,125,128 
Medical history  No history of cardiac disease and diagnosis 
of acute myocardial infarction.115-118,121 
Left ventricular ejection fraction No consistent results.114,117,121 
Physical activity level No consistent results.113,116,117,120,124 
Body mass index No consistent 
results.113,121114,117,120,124,125,128,129 
Smoking status No consistent results.113,114,116,120,121,124,125,129 
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CHAPTER FOUR 
Factors Associated with Perception of Functional Status in Patients with Heart Failure 
Introduction 
Heart failure (HF) is a chronic, progressive condition in which the heart does not 
provide enough blood to meet metabolic needs. This leads to compensatory mechanisms 
that contribute to impaired functional status.38,39 Functional status includes physiological, 
physical, cognitive, and social functions161-165 and is viewed as two dimensions functional 
capacity and functional performance. These dimensions respectively refer to highest level 
of functioning and present level of function.166-168 Most investigators have considered 
physical function as an important indicator of functional status in patients with HF 
because it decreases with the onset of HF symptoms.39 Accordingly, for the purpose of 
this study, functional status was defined as the patient’s functional ability to perform 
activities of daily living. 
The assessment of functional ability in the HF population is fundamental for 
planning treatment and evaluating treatment effectiveness.169,170 Clinicians and 
researchers have used functional ability to determine severity of HF and to track changes 
in patients overtime.170,171 The underlying assumptions have been based on a relationship 
between indices of abnormal cardiac function and HF symptoms, and functional 
ability.172  
A growing body of research has demonstrated that decreased functional ability in 
patients with HF is strongly associated with hospitalization and mortality.170,173-175 By 
focusing on functional ability as a medical outcome, clinical indicators associated with 
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patients’ improvement have been identified. Several clinical trials of HF management 
have confirmed that intervention strategies such as myocardial revascularization 
intervention, pharmacological therapy, exercise, nutritional supplementation, and 
improvement in self-care can prevent or delay the onset of disabling HF symptoms and 
consequently, decrease HF-related events.170,175-181 In contrast, the physiological, 
psychosocial, and behavior factors that affect functional ability in HF patients have not 
been specifically targeted. Identification of such factors may have important implications 
for identifying the most desirable plan of care. 
The factors having a potential impact on patients’ functional ability include: HF 
self-care maintenance behaviors, myocardial dysfunction, emotional distress, perceived 
control, and self-rated health. Elevated N-terminal pro-B type natriuretic peptide (NT-
pro-BNP) has been identified as a sensitive biomarker of myocardial dysfunction in the 
general population182 and a strong predictor of worsening functional ability, 
hospitalization, and mortality in patients with HF.183-185 Engagement in HF self-care 
behaviors has been shown to be an essential aspect of HF management optimizing health 
outcomes including a decreased number and duration of hospitalizations.186-188 Patients 
with the most successful outcomes have been found to have less emotional distress and 
better perceived control and self-rated health.189-191 This suggests that emotional distress, 
perceived control, and self-rated health may be key factors in successful HF self-care 
behaviors, which in turn may improve myocardial function and patients’ perceptions of 
their functional ability. 
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The purpose of this study was to determine the factors associated with functional 
ability in patients with HF. The specific aims were: (1) to determine the amount of variance 
in the functional ability scores of patients with HF as measured by the Duke Activity Status 
Index (DASI) predicted by emotional distress, perceived control, self-rated health, HF self-
care maintenance behaviors, and serum NT-pro-BNP biomarker of myocardial dysfunction 
after controlling for age, gender, socioeconomic status, and comorbidities and (2) to 
determine whether NT-pro-BNP mediated the influence of HF self-care maintenance 
behaviors on functional ability. The following hypotheses were tested: (1) emotional distress, 
perceived control, self-rated health, HF self-care maintenance behaviors, and NT-pro-BNP 
biomarker of myocardial dysfunction will independently predict functional ability in patients 
with HF after controlling for age, gender, socioeconomic status, and comorbidity and (2) NT-
pro-BNP will mediate the influences of HF self-care maintenance behaviors on functional 
ability. 
Conceptual Framework 
Figure 4.1 is the conceptual framework guiding this study in identifying the 
determinants of functional ability perception among patients with HF. The relationships 
in the framework are based on two propositions derived from research findings. These 
propositions are: (1) emotional distress, perceived control, and self-rated health are the 
key variables in determining HF self-care maintenance behaviors and (2) serum NT-pro-
BNP biomarker of myocardial dysfunction mediates the relationship between HF self-
care maintenance behaviors on functional ability. 
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NT-pro-BNP. NT-pro-BNP is mainly released into the blood from left atrial and 
left ventricular myocytes in response to volume overload and increased filling pressure 
that occur with myocardial dysfunction.192 NT-pro-BNP is considered to be the best 
marker of prognosis in patients with HF. Elevated NT-pro-BNP is associated with HF 
severity, mortality, and poor perception of functional ability. A low serum NT-pro-BNP 
level is an indicator of successful HF management.192,193      
HF Self-care. Self-care is fundamental to attaining optimal functional ability in 
patients with HF.186,194 Self-care includes the necessary tasks that patients undertake to 
manage their HF condition in order to maintain health and prevent further functional 
ability impairment.194 Self-care in patients with HF involves maintenance and 
management activities.195,196 HF self-care maintenance requires patients to engage in 
recommended behaviors that maintain optimal functional ability including sodium and 
fluid restriction, regular exercise, and daily weighing. HF self-care maintenance 
behaviors maintain physiological stability and are indicated by serum NT-pro-BNP 
levels.188,192 HF self-care management requires recognizing symptoms of worsening HF, 
taking appropriate actions to treat symptoms, and evaluating the effectiveness of those 
actions. Poor engagement in recommended HF self-care contributes to the exacerbation 
of HF symptoms and the perception of impaired functional ability.186,194,197,198 Therefore, 
for the purpose of this study, HF self-care was defined in terms of HF self-care 
maintenance behaviors (sodium and fluid restriction, regular exercise, and daily 
weighing). 
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Depression. Depression arises when patients feel they are unable to manage or 
control the stressors related to their HF condition.199 Depression is more common in 
patients with cardiovascular disease than healthy individuals.200-203 Depression is 
associated with multiple negative health behaviors (non-adherence with medication, diet, 
exercise, and smoking cessation).204-208 Depression has an adverse effect on the ability to 
engage in HF self-care activities.199,209-213 Depression also impacts the ability to learn or 
carry out necessary HF self-care behaviors.209,214 
Perceived control. Perceived control is the cognitive perception of the HF 
condition as a threat or challenge.215 Perceived control occurs when patients believe in 
their ability to control their HF condition in a way that positively affects their symptoms 
and subsequent functional ability impairment.190,216,217 Perceived control is related to HF 
self-care.194 Low sense of control adversely affects HF self-care by contributing to a lack 
of curiosity about learning or seeking more information about HF and its 
management.197,218-220 Patients with a low sense of control are the least likely to make 
healthy behavioral changes.221 Lower levels of perceived control are also associated with 
the inability to make emotional adaptation to HF, leading to greater emotional 
distress.222,223 
Self-rated health. Self-rated health reflects patients’ perceptions of their own 
physical, emotional, and behavioral health.224-228 Poor self-rated health is an independent 
predictor of physical illness,224,228 which could be a strong predictor of patients’ 
perceptions of impaired functional ability.229-231 Given that emotional distress amplifies 
physical illness symptoms,199,209-213,232  self-rated health also has been demonstrated to be 
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a strong predictor of underlying emotional distress.226,227 The association between lower 
self-rated health and chronic illnesses and mortality suggests that self-rated health is a 
predictor of behavioral risk factors and poor engagement in HF self-care.225 
 Demographic and clinical characteristics. Age, gender, socioeconomic status, 
and comorbidity are variables contributing to differences in emotional distress, perceived 
control, and self-rated health in patients with HF. Younger patients are more likely to 
retire early,233,234 to perceive greater symptom intensity,235,236 and to experience 
unhealthy behavior restrictions234, all of which increase emotional distress233,237 and 
decrease self-rated health.238,239 Older patients are more likely to have low perceived 
control related to decreasing sensory, cognitive, and physical abilities194 and lower 
socioeconomic status.234,240,241 Compared to men with HF, women have lower 
socioeconomic status,240,242 poorer emotional adaptation to HF,243,244 more severe HF 
symptoms, and greater limitations in physical ability.244-247 All of these can lead to 
increased emotional distress243 and can reduce their perceived control234,240 and self-rated 
health.242,248 Low socioeconomic status is associated with greater emotional distress249 
and poor perceived control234,240 and self-rated health.241,248 Comorbidities in patients 
with HF can compound HF symptoms194 and increase self-care demands which result in 
emotional distress, poor perceived control, and lower self-rated health. 
Methods 
This was a secondary data analysis to determine predictors of functional ability 
among patients with HF. The data were collected in six studies with the same inclusion 
and exclusion criteria from patients with HF attending cardiology clinics in the East 
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South Central region. Data about demographic and clinical characteristics, functional 
ability, serum NT-pro-BNP levels, HF self-care maintenance behaviors, perceived 
control, self-rated health, and depressive symptoms were collected during a five year 
period between 2004 and 2009.  
Sample   
Patients recruited had a documented diagnosis of HF with either an impaired left 
ventricular ejection fraction (LVEF ≤ 45%) or preserved systolic function confirmed by a 
cardiologist. Patients were excluded if they had been referred for heart transplantation, had a 
history of cerebral vascular accident or acute myocardial infarction within the previous three 
months, physical disability, psychiatric illness, cognitive impairment, or terminal illness such 
as cancer.  
A sample of 279 HF patients with complete data on depressive symptoms, self-care 
maintenance behaviors, perceived control, self-rated health, NT-pro-BNP, and functional 
ability were included in this study. 
Measures  
Functional ability. The DASI was used to measure functional ability. It is a 12-
item self-report scale measuring patients’ ability to perform activities of daily living. 
Patients rate ability to engage in specific behaviors on four-point semantic differential 
statement scales of 1 = “yes, with no difficulty,” 2 = “yes, with some difficulty,” 3 = “no, 
I can't do this,” and 4 = “don't do this for other reasons.” Examples of items are: “run a 
short distance” and “walk a block or two on level ground.” The item scores were 
summed. A higher score indicates greater difficulty to perform activities of daily living 
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and lower functional ability. The reliability for the DASI is 0.90 and criterion validity 
against peak oxygen consumption is 0.58.250  
Self-care maintenance. HF self-care maintenance behaviors were measured using 
the maintenance subscale of the Self-care of Heart Failure Index (SCHFI). The subscale 
assesses self-care maintenance behaviors for patients with HF including adherence to a 
low sodium diet, fluid restriction, regular physical activity, and daily weighing. The items 
are rated on a 4-point scale using semantic statements of 1 = “never,” 2 = “sometimes,” 3 
= “frequently,” and 4 = “always.” A higher score for each self-care maintenance behavior 
demonstrates better adherence. SCHFI maintenance subscale construct-related validity is 
supported by confirmatory factor analysis and with significant differences in self-care 
scores between patients with HF and those newly diagnosed.196 The internal consistency 
reliability of the SCHFI maintenance subscale was .71.251              
Depression. Symptoms of depression were measured using the 6-item depression 
subscale of the Brief Symptom Inventory (BSI). The degree to which they were bothered 
by depressive symptoms such as depressed mood, loss of interest, vulnerability to 
criticism, loneliness, worthlessness, hopelessness, and thoughts of suicide are rated on a 
5-point Likert scale ranging from 0 = “not at all,” 1 = “a little bit,” 2 = “moderately,” 3 = 
“quite a bit,” and 4 = “extremely.” The scores were summed and averaged, the higher the 
score, the more severe the depression. The cut point of .28 was used to indicate the 
presence of depression.65 The reliability of BSI depression subscale was .85 and its 
construct validity was supported by factorial analysis.65 
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Perceived control.  Eight items from the Cardiac Attitudes Scale-Revised (CAS-
R) were used to measure perceived control. The CAS-R measures patients’ perception of 
control related to their heart condition. Each item is scored on a 5-point Likert scale from 
1 “totally disagree” to 5 “totally agree.” An example of an item is: “regarding heart 
problems, how much control do you feel?” The scores of the items were summed, with a 
higher total score indicating greater perceived control. The CAS-R reliability was 0.70, 
and its construct validity was supported in a variety of cardiac patients by factorial 
analysis.252 
Self-rated health. A single item from the Medical Outcomes Survey Short-Form 
36 was used to measure self-rated health. The patient’s perceptions of their health was 
rated from 1 = “excellent,” 2 = “very good,” 3 = “good,” 4 = “fair” to 5 = “poor.” 
Concurrent validity for self-rated health was supported by significant association with 
hospitalization and mortality among patients with HF.189 
NT-pro-BNP levels. Serum samples were collected to determine NT-pro-BNP 
concentrations. Serum NT-pro-BNP levels were measured using enzyme immunoassay 
kits (ALPCO Diagnostics, Salem NH). The analytic performance of the enzyme 
immunoassay was previously reported in detail. 253 The analytical range extended from 5 
to 1000 fmol/ml. 
Demographic and clinical characteristics. Age, gender, living status, 
socioeconomic status, ethnicity, and comorbidities were collected by patient interview 
and medical record review. Socioeconomic status was assessed based on educational 
level and financial status. Educational level was assessed by one question, “what is the 
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highest grade acheived.” Educational level was categorized as less than high school, high 
school, or more than high school education. Financial status was assessed using one item 
that asked patients to rate their income from 1 = “have more than enough to make ends 
meet,” 2 = “have enough to make ends needs,” and 3 = “do not have enough to make 
ends meet.” Comorbidity burden was measured using the Charlson Comorbidity Index. 
The scores can range from 1 to 34 with higher scores, indicating greater comorbidity 
burden. Validity for this instrument has been demonstrated by its ability to predict 
mortality, complications, health care resource use, length of hospital stay, and cost. 74,75  
Procedure 
Appropriate institutional review board approval was obtained from all study sites. 
All patients were referred to the studies by nurses or physicians. Patient eligibility was 
confirmed from the medical record by trained research nurses. Eligible patients were 
contacted at their regular clinic visit and gave written informed consent to participate. 
Participating eligible patients completed all study questionnaires and provided a blood 
sample in an EDTA tube for the NT-pro-BNP test. Research nurses read the 
questionnaire to patients who had difficulty reading. Demographic and clinical 
characteristics were collected by patient interview and medical record review using a 
structured questionnaire. 
Data analysis 
The data were analyzed using SPSS software for Windows 17.0 (SPSS Inc, 
Chicago, Illinois). Data were examined, verified, and cleaned prior to starting analysis. 
Log transformation was performed for non-normally distributed data for a better 
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approximation of normal distribution. Appropriate descriptive statistics (frequencies and 
percentages, means and standard deviations) were used to characterize the sample. A 
multiple linear regression was conducted to determine which factors accounted for the 
greatest variance in the DASI score of patients with HF. Variables were entered using the 
following procedure. In the first block, control variables of age, gender, economical 
status, educational level, and comorbidities were entered into the model. In the second 
block, the psychosocial variables of depressive symptoms, perceived control, and self-
rated health were entered into the model. In the third and fourth block, HF-self-care 
maintenance behaviors of sodium and fluid restriction, adherence to physical activity, and 
daily weighing and serum NT-pro-BNP levels were entered, respectively. The magnitude 
of change in the R-squared was used to determine the contribution of these factors and to 
identify the best predictors of functional ability. 
A separate mediation analysis was conducted in three steps for each HF self-care 
maintenance behavior (sodium and fluid restriction, adherence to physical activity, and 
daily weighing) to test the mediation effects of serum NT-pro-BNP levels. All analyses 
were performed with a hierarchical multiple linear regression in which all variables that 
were significantly associated with functional ability in the first regression analysis were 
included in the first block as control variables. These variables included age, gender, 
educational levels, economical status, comorbidity, depression symptoms, perceived 
control, and self-rated health. In the first regression, the mediator (NT-pro-BNP) was 
regressed on each HF-self-care maintenance behaviors. In the second regression, the 
dependent variable (functional ability) was regressed on each HF self-care maintenance 
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behavior. In the third step, functional ability was regressed on both the mediator (NT-pro-
BNP) and each HF self-care maintenance behavior.  
For each of the self-care behaviors, the following criteria needed to be met for 
serum levels NT-pro-BNP to mediate the relationship between the behavior and 
functional ability. In the first regression, the HF self-care behavior had to predict a 
significant amount of the variance in NT-pro-BNP levels.  In the second regression the 
HF self-care behavior had to predict a significant amount of variance in functional ability. 
In the third regression, the amount of variance in functional ability explained by the HF 
self-care behavior must be significantly less than that in the second regression.  
Results 
Evaluation of linearity led to the log transformation of serum NT-pro-BNP levels. 
Due to low frequencies in some self-rated health categories, patients with self-rated 
health as excellent were combined with those rated as very good and patients with self-
rated health as fair were combined with those rated as poor. 
Characteristics of the Patients 
Demographic, psychosocial, and clinical characteristics of the patients are 
summarized in Table 4.1. The average age of patients was 61 years with a range of 32 to 
89 years. Patients were predominantly male and Caucasian. Most patients had more than 
high school education and most had enough income to make ends meet. The patients 
were distributed evenly between NYHA class I/II and class III/IV. Nearly half of the 
patients had ischemic heart disease as the underlying etiology of HF. The most frequent 
comorbidities were hypertension and diabetes. Approximately 57% had a moderate to 
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severe depressive symptoms. Only 14% of patients rated their health as excellent or very 
good, while greater half of the patients rated their health as fair or quite poor. Overall, 
self-care maintenance behaviors were low. Slightly more than half of the patients (54.8%) 
reported never or only sometimes weighing themselves daily, less than half were never or 
rarely following a low sodium diet (41.2%), and only 38.7% were frequently or always 
engaging in regular exercise. 
Predictors of Functional Ability in Patients with HF 
The predictors of functional ability are presented in (Table 4.2). The model 
explained 40.2% of the variance in functional ability. Higher depressive symptoms, fair 
or poor self-rated health, non-adherence to physical activity, and greater serum NT-pro-
BNP levels were independent predictors of worse functional ability in patients with HF. 
Perceived control and HF self-care maintenance behaviors of daily weighing and sodium 
restriction were not significant predictors. The factors with the highest proportion of 
explained variance in functional ability were depressive symptoms and self-rated health. 
Adherence to physical activity and NT-pro-BNP explained the least amount of variance. 
Mediation Serum NT-pro-BNP levels on the Link between Self-Care Maintenance 
Behaviors and Perception of Functional Ability 
The first model NT-pro-BNP regressed on each HF self-care maintenance 
behavior after controlling for variables that were significant predictors of functional 
ability in previous regression analysis. These variables included age, gender, economical 
status, comorbidity, depressive symptoms, and self-rated health. Regression results 
indicated that adherence to physical activity was the only predictor of serum NT-pro-
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BNP levels, with non-adherent patients having higher serum NT-pro-BNP levels (β = .1; 
P = .042). Adherence to physical activity accounted for 1.3% of the variance in serum 
NT-pro-BNP levels. 
The second model functional ability regressed on adherence to physical activity 
after controlling for the same variables. Regression results revealed that adherence to 
physical activity was a significant predictor of patients’ perceptions of functional ability, 
with non-adherent patients having a poor perception of functional ability. Adherence to 
physical activity explained 1.2% of the variance in functional ability. When serum NT-
pro-BNP levels were entered in the third model, the relationships between serum NT-pro-
BNP levels and adherence to physical activity and functional ability was significant. The 
percentage of variance in functional ability explained by adherence to physical activity 
decreased and the p value increased in the final model (Figure 4.2).  
Discussion 
The ability to perform daily physical activities with minimal symptoms is an 
important goal of HF treatment.38,39 Good functional ability is associated with fewer 
hospitalizations and better survival rates, 12,15-17 making functional ability an essential 
outcome for HF management.11,12 Achieving an optimal functional ability for patients 
with HF requires an understanding of what factors are associated with potential changes 
in functional ability. The mediation analysis in our study revealed that serum NT-pro-
BNP levels partially mediated the relationship between adherence to physical activity and 
functional ability in patients with HF.  The overall proportion mediated by serum NT-
pro-BNP levels, however, was small suggesting additional mediating mechanisms. 
 
 
 
Copyright © Zyad T. Saleh 2013 
 
75 
 
The partial mediation of serum NT-pro-BNP levels in the association between 
adherence to physical activity and perception of functional ability corroborates previous 
studies of physical activity training programs in patients with HF. Physical activity was 
observed to reverse some physiological changes responsible for HF symptoms, leading to 
improvement in patients’ physical functional ability.24 Although physical activity training 
initially produces an elevation in serum NT-pro-BNP levels in patients with HF, serum 
NT-pro-BNP levels have been observed to decrease with long-term training.254,255 Other 
investigators have observed associations between decreased serum NT-pro-BNP levels 
and improved perception of functional ability after physical activity training.255 Previous 
mediation analysis revealed that serum NT-pro-BNP levels explained a small part of the 
relationship of adherence to physical activity to perception of functional ability 
confirming our suggestion of additional mediating mechanisms.   
In our study, depending on patients’ own subjective estimations of their health, 
self-rated health was a predictor of functional ability. Fair or poor self-rated health was 
associated with poor perception of functional ability in patients with HF. This finding is 
consistent with those previously reported for the healthy older adults as well as for 
elderly people with ischemic heart disease.229-231 Several hypotheses have been proposed 
to explain this finding. First, poor self-rated health may have been secondary to 
intolerance of performing daily activities as a result of HF.224,228 Second, poor self-rated 
health may be related to depressive symptoms,226,227 which were shown to be a major 
predictor of poor functional ability in our study. Last, the association we observed may 
have been mediated by unhealthy behaviors such as non-adherence to medication, diet, 
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and physical activity.225 In our data, poor self-rated health was significantly associated 
with non-adherence to physical activity. Therefore, it was likely that previous factors play 
a major role in the association between poor self-rated health and poor perception of 
functional ability in patients with HF. 
Our finding that depressive symptoms were an independent predictor of patients’ 
perceptions of functional ability corresponds with the results from previous studies that 
investigated the relationship between depressive symptoms and functional ability.38,256 
Depression has been found to be associated with multiple adverse health behaviors (non-
adherence to medication, diet, exercise, and smoking cessation 
recommendations)204,205,257 that can exacerbate HF symptoms,204-208 leading to poor 
perception of physical function.38 In our data, depressive symptoms were associated with 
non-adherence to physical activity recommendations. Depressive symptoms are 
associated with feelings of fatigue, low energy, perceived exertion, and greater HF 
severity, which in turn can negatively affect patients’ physical function and the ability to 
perform daily activities.210-213 Patients with depressive symptoms may also have low self 
confidence in the ability to overcome HF symptoms and to attain the desired physical 
function needed to perform their daily activities.258 
The present study showed that non-adherence to regular physical activity 
contributed to poor perception of functional ability in patients with HF, which supports 
the findings from previous studies.259-261 HF resulted in the symptoms of fatigue and 
dyspnea that develop with minimal exertion.24 These symptoms are associated with 
increased HF severity, worsening prognosis, and significantly impaired physical function. 
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Non-adherence to physical activity in patients with HF contributed to further 
physiological impairments, increased intensity of fatigue and dyspnea symptoms, and 
progressive decrease in physical function as indicated by decreased peak oxygen 
consumption and exercise capacity.24   
Consistent with previous studies,192,193 the current findings suggest that higher 
serum NT-pro-BNP levels are associated with poorer perception of functional ability. 
This finding corroborated the observations that higher serum NT-pro-BNP levels were 
associated with progressive myocardial dysfunction and worsening HF.34,35 This 
progression in HF has been documented by the presence of fluid overload and increased 
cardiac wall tension. These result in more severe fatigue and dyspnea symptoms192 that 
compromise physical function in the performance of daily activities.24  
A number of limitations must be considered in interpreting the results of this 
study. First, the study is cross-sectional which limits the ability to make inferences about 
causality. In further studies, researchers might employ repeated measurement and, 
ultimately, interventional studies to further clarify their respective roles in long-term 
outcomes. Second, data on HF self-care maintenance behaviors were measured by using a 
single item. Single item measures may not capture the multidimensional nature of actual 
adherence to a health behavior. Future studies might investigate the effects of these 
variables on functional ability using a multidimensional measure. Third, most patients in 
our sample were Caucasian males and, therefore, the results may not be generalizable to 
other patient populations. Lastly, our study is a secondary analysis of data collected 
throughout multiple clinical studies. However, the samples in all of the studies had 
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similar inclusion and exclusion criteria. In addition, our analyses were restricted to the 
available variables in our data set. Therefore, we could not identify other important 
factors that might be associated with patients’ perception of functional ability such as 
physical activity self-efficacy. 
Implications and Conclusion 
Evaluation of functional ability at the time of initial diagnosis of HF provides 
information that can predict outcomes and may be useful for HF management. In the 
current study, we found that depressive symptoms and self-rated health were predictors 
of patients’ perceptions of functional ability. This indicates that clinicians should pay 
attention to depressive symptoms and perceived health in patients with HF in which 
improving functional ability is a goal.  
Our data showed that self-reported HF self-care maintenance behaviors were poor 
in patients with HF. Adherence to physical activity and serum NT-pro-BNP levels were 
associated with patients’ perceptions of functional ability. Specifically, the association 
between adherence to physical activity and patients’ perceptions of functional ability was 
mediated partially by serum NT-pro-BNP levels. This indicates that adherence to 
physical activity may reduce serum NT-pro-BNP levels that is likely a function of 
decreased cardiac wall tension and improved myocardial function, which, in turn, 
improves patients perception of functional ability. Alternatively, this result suggests that 
high levels of NT-pro-BNP may be an indicator of inability to engage in regular physical 
activity because of activity intolerance symptoms resulting in reluctance to engage in 
regular physical activity. Either way, patients with elevated levels of serum NT-pro-BNP 
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are a group primed for interventions aiming at improving daily physical activity levels. In 
conclusion, our results suggest that any intervention to maintain a high level of functional 
status in patients with HF should address depression, perceived health, HF self-care 
behavior of adherence to physical activity, and NT-Pro-BNP.  
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Figure 4.1. Conceptual Framework for the Factors Related to Functional Ability in Patients with Heart Failure 
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Table 4.1. Demographic, psychosocial, and clinical characteristics of the sample (n = 279) 
Age  
Gender 
  Male 
Ethnicity 
Caucasian 
Minorities  
Educational levels 
Less than high school 
High school 
More than high school 
Economic status 
Have more than enough to make ends meet 
Have enough to make ends need 
Do not have enough to make ends meet  
NYHA 
I/II 
III/IV 
Comorbidities 
Hypertension  
Diabetes  
Depressive symptoms 
BSI ≥ 0.28 
Self-rated health 
Excellent or Very good 
Good 
Fair or Poor 
Self-care management 
Weigh daily  
Never or rarely 
60.9 ± 11.5 
 
190 (68.1) 
 
221 (79.2) 
58 (20.8) 
 
54 (19.4) 
79 (28.3) 
146 (52.3) 
 
83 (29.7) 
130 (46.6) 
66 (23.7) 
 
130 (46.6) 
149 (53.4) 
 
193 (69.2) 
123 (44.1) 
 
162 (57.2) 
 
39 (14.0) 
96 (34.4) 
144 (51.6) 
 
 
77 (27.6) 
 
 
 
82 
 
Table 4.1. (Continued) 
Sometimes 
Frequently 
always 
Eat a low salt diet 
Never or rarely 
Sometimes 
Frequently 
always 
Engage in regular physical activity 
Never or rarely 
Sometimes 
Frequently 
Always 
 
76 (27.2) 
49 (17.6) 
77 (27.6) 
 
38 (13.6) 
77 (27.6) 
84 (30.1) 
80 (28.7) 
 
75 (26.9) 
96 (34.4) 
63 (22.6) 
45 (16.1) 
Data are presented as Mean (SD) or n (%). 
Abbreviations: NYHA, New York Heart Association; BSI, Brief Symptom Inventory-
Depression subscale. Moderate to severe depression = BSI score ≥ 0.28. 
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Table 4.2. Factors related to perception of functional ability in patients with heart failure (n = 279) 
Model R square change  B Beta t Sig. 
Controlled variables  .238     
Age   .081 .16 2.94 .004 
Gender (female)  2.83 .23 4.57 < .001 
Financial status (Do not have enough to make ends meet)  1.69 .21 3.99 < .001 
Educational level (more than high school)   .55 .07 1.45 .148 
Comorbidity   .31 .18 3.29 .001 
Psychosocial factors  .137     
Depressive symptoms   1.01 .146 2.76 .006 
Perceived control  -.091 -.053 -1.08 .280 
Self-rated health (fair or poor)   2.56 .32 5.74 < .001 
HF self-care maintenance behaviors .017     
Adherence to physical activity    -.71 -.13 -2.18 .03 
Weigh yourself daily  -.023 -.01 -.089 .929 
Eat a low salt diet  .32 .06 1.05 .297 
Myocardial dysfunction  .01     
NT-pro-BNP  .818 .112 2.150 .032 
Abbreviations: B, unstandardized coefficient; Beta, standardized coefficients; Sig., significant; NT-pro-BNP N-terminal pro-
brain natriuretic peptide. 
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Figure 4.2. Mediator Effect of Serum NT-pro-BNP Levels on The Association between Adherence to Physical Activity and 
Perception of Functional Ability 
 
 
 
 
 Model 2 explained 1.2% (β = 
.668; P = .023) 
Model 3 explained 0.9% (β = 
.588; P = .045) 
Model 3 explained 1.4% 
(β = -.832; P = .014) 
Model 1 explained 1.3% 
(β = -.096; P = .042) 
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CHAPTER FIVE 
Conclusions and Discussion 
 Approximately one in three American adults have one or more types of 
cardiovascular disease (CVD) including coronary artery disease, angina, and 
hypertension.2 This makes CVD the primary cause of death and the most expensive 
condition treated in United States hospitals. Despite advances in medical care reducing 
CVD mortality, the burden of CVD is expected to increase with an increase in the 
number of patients with heart failure (HF) by more than 600 thousand cases each year.2 
HF places an enormous burden on individuals and the healthcare system; burden that is 
mostly related to frequent hospitalization. Given that HF is the result of CVD and both 
share similar risk factors,24 lifestyle changes are a key component to address and greatly 
reduce the burden of CVD. 
The CVD is more common among individuals who live a sedentary lifestyle.3 The 
risk for CVD is higher among those who spend more than 3 hours per day in sedentary 
activities such as sitting and lying down.5,6  The more time spent in sedentary activities, 
the higher risk of CVD. Sedentary lifestyle increases the risk for CVD independent of 
other CVD risk factors such as age, smoking, and body mass index (BMI).4,5 Sedentary 
lifestyle contributes to other CVD risk factors, including elevated plasma triglyceride, 
low high density lipoprotein (HDL) cholesterol, hyperglycemia, hypertension, and 
increased abdominal adiposity.7-9 Sedentary lifestyle is also associated with unhealthy 
behavioral risk factors such as smoking and unhealthy diet.10 
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Scientific evidence indicates that regular physical activity is effective in 
preventing the development of CVD and reducing symptoms in patients with established 
CVD.2,11,1213-15 Physical activity prevents atherosclerosis by boosting HDL cholesterol 
and enhancing vascular endothelial function.18,19 Physical activity reduces other risk 
factors for atherosclerosis including high blood pressure, diabetes, and obesity.20,21 In 
addition, physical activity has been shown to decrease the risk of myocardial infarction 
by decreasing resting heart rate, increasing diameter of coronary arteries, promoting 
formation of collateral circulation, and decreasing formation of thrombus.16-19 In patients 
with CVD, research has shown that physical activity can improve inflammatory markers 
and enhance physical ability by improving cardiac output, peripheral blood flow, and 
skeletal muscle aerobic metabolism.23-25 
Despite cardiovascular health benefits of physical activity, approximately 80% of 
American adults are physically inactive or do not meet the minimum recommendation of 
150 minutes of moderate intensity aerobic activity each week. Adults living in rural areas 
are more likely to be physically inactive compared with adults living in urban areas.26 
Addressing the factors that affect active lifestyle in rural Americans is important for 
designing effective CVD preventive interventions. The majority of studies to date have 
not addressed barriers that affect adoption of active lifestyles in rural Americans.57,58 
Chapter Two of this dissertation was a report of a longitudinal prospective study 
examining the demographic, psychosocial, and clinical factors that affected successful 
adoption of the lifestyle recommendation to increasing moderate-to-vigorous physical 
activity by an accumulated 15 minutes or more each day following a CVD risk reduction 
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intervention among at-risk individuals living in rural Appalachia. We found that anxiety 
was the only independent predictor of active lifestyle increase. Every 1-unit increase in 
baseline anxiety symptoms levels was associated with 3.3 times greater odds of adoption 
to active lifestyle post intervention. This finding suggests that anxious individuals in 
CVD risk reduction intervention are more responsive to increase their physical activity 
levels post intervention. 
Because completion of the CVD preventive interventions is the necessary first 
step in promoting adoption of a more active lifestyle,59 the factors associated with 
dropout from the HeartHealth intervention were also examined in Chapter Two. The 
results showed that age and health literacy were independent predictors of dropout from 
the HeartHealth intervention. For every 1-year increase in age, participants were 2 % less 
likely to drop out from the intervention. Every 1-unit increase in participant’s baseline 
health literacy score was associated with a 22% decrease in likelihood of dropping out of 
the intervention. These findings suggest that younger participants may perceive less 
immediate threat to health necessitating participation in CVD risk reduction intervention 
and behavior change. Also our findings suggest that low health literacy participants may 
be unable to understand their risk of CVD and therefore may perceive no benefits to 
continue attendance to CVD risk reduction intervention. 
There is growing evidence that cardiac rehabilitation programs can promote active 
lifestyle and improve cardiovascular health.24 A cardiac rehabilitation program facilitates 
initiation of safe physical activity and helps achieve physical activity level 
recommendations.37  However, enrollment in such a program remains low; particularly in 
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patients with HF. Only 20% of all eligible HF patients are enrolled in cardiac 
rehabilitation programs.34,35 Although researchers have examined the benefits of 
enrollment in cardiac rehabilitation programs among patients with HF,24 none have 
examined factors affecting their enrollment. Increasing cardiac rehabilitation utilization 
requires gaining a better understanding of the predictors of enrollment by patients with 
HF.  
Chapter Three of this dissertation was a review of the literature to identify any 
investigations that have examined the factors associated with enrollment in cardiac 
rehabilitation programs among patients with HF. Because HF is the end stage of 
cardiovascular disease and no investigators have specifically examined patients with HF, 
published studies of all patients discharged from cardiac-related hospitalization were 
included in this review. The findings from this review suggest that patients do not enroll 
in a rehabilitation program because of a wide range of factors. Factors such as age, 
gender, ethnicity, and medical history cannot be modified, but they help identify those 
needing attention to increase the likelihood of enrollment. Demographic factors that had a 
positive impact on enrollment included level of education, being married, short distance 
from cardiac rehabilitation program site, and higher income. Patients who believed their 
cardiac condition was chronic but controllable and perceived rehabilitation was beneficial 
were more likely to enroll in a rehabilitation program. In contrast, patients with 
misconceptions about the causes of cardiac disease and who perceive greater barriers to 
participating were less likely to enroll in a cardiac rehabilitation program. Self-efficacy 
was positively associated with enrollment in a rehabilitation program among patients 
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with coronary heart disease. Among clinical factors, referral to rehabilitation was 
consistently found to be a strong predictor of enrollment in a rehabilitation program.  
Functional status may have an important effect on engagement in physical activity 
in patients with HF.38-41 Although previous studies have used functional status as an 
indicator of HF progression and as an important outcome to detect effect of treatment 
plan,169-171 predictors of functional status have not been examined before. Chapter Four of 
this dissertation was a cross-sectional study on the predictors of functional status among 
patients with HF. The result from hierarchical multiple linear regression showed that 
depressive symptoms, HF self-care of adherence to physical activity, serum NT-pro-BNP 
levels, and self-rated health were independent predictors of patients’ perception of 
functional status after controlling for age, gender, educational levels, financial status, and 
comorbidity. The other aim of this study was to examine the mechanism by which 
physical activity affected perception of functional status. The result from mediation 
analysis revealed that serum NT-pro-BNP levels partially mediated the relationship 
between adherence to physical activity and functional status in patients with HF. This 
result suggests that adherence to physical activity reduces serum NT-pro-BNP levels that 
is likely a marker of decreased cardiac wall tension and improved myocardial function, 
which, in turn, improves patients’ perceptions of functional status. Alternatively, this 
result suggests that high levels of NT-pro-BNP may be an indicator of inability to engage 
in regular physical activity because of activity intolerance symptoms resulting in 
reluctance to engage in regular physical activity. 
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Implication 
Physical activity is associated with many cardiovascular health benefits. Yet 
despite the efforts to improve physical activity levels, many Americans do not meet 
physical activity recommendations, and this remains an important public health problem. 
Awareness of the factors that affect physical activity behavior is the first step to design 
and administer intervention to promote physical activity. The studies in this dissertation 
described several factors in populations at greater risk of physical inactivity. 
We found that higher baseline anxiety levels were associated with a higher 
probability of adopting an increase in physical activity following the CVD risk reduction 
intervention among rural Appalachians. Although a psychological mechanism is unclear, 
further studies will help clarify the motivators that influence anxious individuals to adopt 
active lifestyle after the CVD risk reduction intervention. Younger age was a predictor of 
dropout from the CVD risk reduction interventions. This finding indicates that younger 
participants may have unique barriers to participation in CVD risk reduction 
interventions. A better understanding of factors may inform interventions to promote 
cardiovascular health among this population. In addition, health literacy was noted as to 
be an important factor for encouraging rural Americans to adopt CVD risk reduction 
interventions. This suggests that any future intervention needs to take into account 
participants’ health literacy levels. Health educators need to use simple health-related 
information to fit their participants with low health literacy levels. The education 
materials have to be developed at an appropriate reading level for participants with low 
health literacy levels. 
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The review of literature revealed a wide array of socio-demographic, 
psychosocial, and clinical variables as potential barriers to enrollment in cardiac 
rehabilitation programs. The factors most consistently associated with non-enrollment are 
long distance from rehabilitation program site, low income, perceived greater barriers and 
fewer benefits, and non-referral to rehabilitation. As part of clinical practice, health care 
providers should recognize these barriers and act as a supporter encouraging enrollment 
for all eligible patients. 
We noted a large variation in the enrollment rates in cardiac rehabilitation 
programs. The reason for this variation was mainly related to the studies that have not yet 
identified an optimal time point to measure enrollment after hospital discharge. Knowing 
reliable information about enrollment rates is important for researchers and clinicians to 
set a goal to improve enrollment in a rehabilitation program. Thus, it is necessary for 
future investigators to determine the best time period after hospital discharge that patients 
will make a decision to enroll in a cardiac rehabilitation program. This will help to 
determine the factors associated with enrollment and identify the patients who are less 
likely to enroll in rehabilitation.  
There is general lack of attention to using theoretical frameworks in examining 
the factors that affect enrollment in a cardiac rehabilitation program. Using a theoretical 
framework has the advantage facilitating the understanding of how those key variables 
interact to affect enrollment and interventions appropriately targeted. Moreover, it is 
interesting to note that research on factors related to enrollment has not been conducted 
specifically on patients with HF. Accordingly; more studies with HF populations are 
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needed to investigate the many other factors that appear to influence utilization of 
rehabilitation and adherence to physical activity. 
Having high levels of NT-pro-BNP biomarker of cardiac dysfunction may be an 
indicator of failure to adherence to HF self-care behavior of physical activity or an 
indicator of inability to engage in regular physical activity as a consequence of greater 
myocardial dysfunction. Either way, patients with elevated levels of serum NT-pro-BNP 
are prime targets for interventions aiming at improving daily physical activity levels. 
One of the purposes of Chapter Four was to examine whether HF self-care 
maintenance behaviors predict perception of functional status in patients with HF. The 
current HF self-care maintenance behaviors instrument (Self-care of Heart Failure Index 
[SCHFI]) used may not fulfill this purpose. The multidimensional nature of actual 
adherence to HF self-care maintenance behaviors are not addressed in the instrument. 
Despite the significant association between adherence to physical activity behavior and 
functional status, adherence to low sodium diet and daily weighing were not predictors. 
These findings differ from one study that noted that patients with severely impaired 
functional status commonly reported poor adherence to these behaviors.262 Thus, it is 
necessary for future investigations to use proper ways of addressing self-reported 
adherence to self-care behaviors among patients with HF. 
Summary 
Adherence to physical activity in individuals with or without CVD is important 
because sedentary lifestyle has serious consequences on cardiovascular health. 
Participation in cardiovascular health promotion interventions is equally important 
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because completion of the intervention is the necessary first step in promoting adoption 
of a more active lifestyle. This dissertation has fulfilled an important gap in the 
knowledge about the factors that affect adherence to physical activity and participation in 
CVD risk reduction interventions in populations at greater risk of physical inactivity. 
Findings from this dissertation may contribute to further advancement of the state of 
science in promoting public health by identifying components that are necessary for the 
design of an effective CVD primary, secondary, and tertiary preventive intervention. 
We found that higher anxiety levels were associated with adoption of a more 
active lifestyle among rural Americans. Older age and higher health literacy levels were 
predictors of participation in and completion of a CVD risk reduction intervention among 
rural Americans. The review of literature revealed that short distance from rehabilitation 
program site, higher income, perceived fewer barriers and greater benefits, and received 
referral to rehabilitation were the most consistent factors associated with HF patients’ 
enrollment in cardiac rehabilitation programs. Functional status in patients with HF is 
crucially important to their engagement in regular physical activity. Our results revealed 
that lower depressive symptoms, HF self-care of adherence to physical activity, lower 
serum NT-pro-BNP levels, and better self-rated health were independent predictors of 
better perception of functional status. Serum NT-pro-BNP biomarker of myocardial 
dysfunction partially mediated the relationship between adherence to physical activity 
and functional status. This result provides further evidence of the benefits of adherence to 
physical activity in patients with HF. Also, it suggests that high levels of NT-pro-BNP 
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biomarker of cardiac dysfunction may be an indicator of non-adherence to regular 
physical activity or an indicator of inability to engage in regular physical activity. 
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